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Water Howellia (H. aquatilis) is a rare and endangered wetland plant listed as a 
threatened species under the Federal Endangered Species Act. 70% of the 
world population is found in the less than one-hectare, glacially formed, forested 
Swan Valley wetland systems. Survival of this aquatic species requires 
emergence during mid-summer, the drying out of occupied portions of the 
wetlands, a slight refilling of the wetlands in fall, and wetland re-establishment in 
the spring. This project is designed to determine the wetland source of water 
and the mechanisms controlling the wetland hydrological cycle in Water Howellia 
inhabited wetlands. Four representative sites were evaluated using water 
budgets derived from extensive micro-basin field measurements, methods that 
define groundwater-surface water interaction, and standard geochemical 
analyses. Once the dominant hydrological components and seasonal controls 
on wetland hydrology were resolved, an analysis of how change in vegetative 
cover in the watersheds alter wetland hydrology. Water balance results indicate 
that groundwater inflow and plant transpiration components are the dominant 
hydrological controls in these wetland systems. Vertical hydraulic gradients 
between the stage of the wetland and shallow groundwater, potentiometric 
maps, seepage meter flux rates, and the groundwater inflow component of the 
water balance support the hypothesis that seasonal changes in the wetland are 
driven by a localized groundwater flow system. The localized groundwater flow 
system in the wetland micro-watershed basin mitigates wetland stage decline 
and surface water quality. Snow survey calculations, and low ionic 
concentrations in the wetland surface water and shallow groundwater 
surrounding the wetlands suggest that the localized flow system is principally 
recharged from snow melt. The WRNSHYD model predicts an increase in water 
yield from the removal of watershed trees by harvesting or a stand replacing fire. 
If an initial increase in water yield occurred, it may be short lived or last for 25-40 
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CHAPTER 1: INTRODUCTION
Wetlands are unique environments that provide habitat for diverse 
communities of flora and fauna. Wetlands are also valuable as sources, sinks, 
and transformers of a multitude of chemical, biological, and genetic materials 
(Mitsch and Gosselink, 1993). They have the ability to cleanse polluted water, 
prevent floods, protect shorelines, and recharge groundwater aquifers (Mitch and 
Gosselink, 1993; Kamp and Hayashi, 1998). Unfortunately, wetlands have been 
detrimentally affected by human activities. According to Mitsch and Gosselink 
(1993), an estimated 53 percent of the original wetlands in the lower 48 states 
has been lost because of drainage and other human activities.
The forested wetlands of the Swan Valley of Missoula and Lake counties, 
Montana contain a rare plant species, Howellia aquatilis (Water Howellia) (Figure
1). It is listed as a threatened species under the Federal Endangered Species 
Act (U.S. Fish and Wildlife Service, 1994). The highest known concentration of 
Water Howellia in the world is found in these glacially formed wetland systems of 
the Swan Valley (Shelly and Gamon, 1996). Other populations of H. aquatilis 
are found in ephermal wetlands or the margins of shallow permanent wetlands 
located In northern California, western Oregon, Washington, and northern Idaho 
(Shelly and Gamon, 1996). It is not known how long this species has existed in 
the wetlands of the Swan River Valley. However, this species has most likely 
survived since the end of the Pleistocene.
The life-cycle of H. aquatilis, as an aquatic annual, is influenced by the
Figure 1. Howellia aquatilis is a rare and endangered wetland plant species. The flowers of this plant are 
approximately the size of a dime. Photo by Kristi DuBois
K)
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seasonal variation in wetland stage ( Lesica, 1992). In the spring, Water 
Howellia occupied wetlands fill with water. During the summer months, Water 
Howellia matures, flowers at the surface and below water, and produces seeds 
which are dropped and become incorporated into the wetland sediment. By the 
end of the summer or early fall, the wetlands dessicate, exposing Howellia seeds 
to air and the annuals die and decompose. Seeds germinate in October under 
aerobic conditions and remain as a small seedling beneath the winter snowpack 
and then are submerged by snow melt in early spring (Shapley and Lesica,
1997). This wetland hydrological cycle of wetting and drying is necessary to 
maintain H. aquatilis populations. It has been suggested that this cycle has been 
sufficiently continuous since the end of the Pleistocene to maintain the Howellia 
population, though H. aquatilis seeds may remain viable in wetland sediment for 
several years (Mantas, 2001).
The majority of Water Howellia research in the Swan Valley has focused 
on H. aquatilis habitat from a biological standpoint (Lesica, 1992; Shelly and 
Gamon, 1996; Mantas, 1998) with only limited characterization of wetland 
hydrology (Shapley and Lesica, 1997; Shapley, 1998). Shapley (1998) classified 
H. aquatilis wetland morphology into four distinct basin types based on pond 
geometry, size, and slope. Anderson (1992) studied the hydrology of the Swan 
River Oxbow preserve, a wetland in the active flood plain of the river that 
contained a viable population of Water Howellia. He found that the exchange of 
groundwater between the Swan River, the unconfined alluvial aquifer, and the
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oxbow wetland was controlled by the difference in seasonal vertical gradients. 
However, all other H. aquatilis occupied wetlands are found within depressions 
formed in the glacial till deposits located above the main valley floor.
Project Goals and Objectives 
This project is designed to determine the wetland source of water and the 
mechanisms controlling the wetland hydrological cycle. Specific objectives 
include: 1) identification of the source of water to the wetlands, 2) quantification 
of controls on the seasonal variation in water input, and 3) analysis of how 
natural and anthropogenic modification of the wetland watershed have or could 
alter wetland hydrology. Defining the hydrologie controls on these wetlands is 
critical to the formulation of land management plans in the Swan Valley that 
allow conjunctive land use and protection of Water Howellia habitat (Shapley and 
Lesica, 1997, Shapley, 1998).
Site Descriptions
Physiography:
The Swan valley is a north-south trending glaciated valley that is bound by 
the Swan and Mission mountain ranges to the east and west. The valley is 
approximately 50 miles long, 13-28 miles wide, and ranges in elevation from 
3060 feet near Swan Lake to 9180 feet in the Swan and Mission mountain 













MONTANA 80 ml northeast of Missoula, MT 
N 0—  6mi
Lat. = ~17°15’, Long. = -114W
Figure 2. Wetland site locations in the Swan Valley. Solid dots represent 
wetland study sites. Weather stations are located at Lindbergh Lake and Swan 
Lake. Condon is the main town in the central valley.
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Geology:
The Swan Valley is bordered by two north-south trending normal fault 
block mountain ranges, the Swan Range to the east and Mission Range to the 
west (Johns, 1970; Kleinkopf and Mudge, 1972). The Swan and Mission 
mountain ranges are comprised of slightly metamorphosed (argillites, 
carbonates, and quartzites) Precambrian sedimentary rocks of the Belt 
Supergroup, specifically, the Piegan, Grinnell, Missoula, and Appekunny Groups 
(Ross et al., 1955).
The valley floor is covered by glacial sediments of late Wisconsin age 
(Witkind and Weber, 1982) and filled to a depth of 2000 to 3000 ft with older 
Cenozoic deposits (Kleinkopf and Mudge, 1972). Pleistocene lateral moraines, 
basal moraine and glaciofluvial sediments deposited by one of the two major 
diverging trunk glaciers occupying the Swan-Clearwater Valley during the late 
Pleistocene are exposed at the land surface (Shapley and Lesica, 1997). The 
thickness of the glacial till is unknown. Recent alluvium is associated with 
stream systems.
Climate:
The Swan Valley has a continental-maritime climate (USEPA, 1980).
Active weather stations at Lindbergh Lake and Swan Lake have collected 
records of precipitation, temperature, and snowfall since 1946 (Western 
Regional Climate Center, 2001). No evaporation data are collected in the Swan 
Valley. Mean annual precipitation in the valley ranges from 27 to 29 inches
(Table 1), Higher elevations in the Swan Valley receive over 100 inches of 
precipitation annually. The Lindbergh Lake weather station averages 26.8 in/yr 
and an annual mean temperature of 41.4 °F.













(mi.) (°F) (in.) (in.)
Lindbergh Lake 20 41.4 152.2 26.8
Swan Lake 60 42.5 136.3 29.3
Hydrology:
The Swan River drainage basin covers 671 square miles (Leathe and Enk, 
1985). The Swan River flows northward to Swan Lake and then to Flathead 
Lake and has a mean annual discharge of 668 cfs near Bigfork, Montana 
(USGS, 2001). Numerous ungauged tributaries originating in the Swan and 
Mission mountain ranges flow into the Swan River along its northward course.
The valley is filled with numerous glacially-formed shallow wetlands and 
valley lakes. There are over a thousand isolated wetlands in the Swan Valley, 
126 are Howellia occupied and 86 suitable but unoccupied habitats. The 
Flathead National Forest District has been monitoring these wetlands over the 
last 12 years (Mantas, 2001). All H. aquatilis occupied wetlands in the Swan 
Valley are less than 5 acres in size, except for the Swan River Oxbow (Shapley 
and Lesica, 1997) and found below an elevation of 5,000 feet in elevation 
(Mantas, 1998).
There has not been any specific regional groundwater studies of the Swan
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Valley. It Is assumed that the regional groundwater flow system in the Swan 
Valley is similar to that of the other intermontane basins in the Northern Rockies 
and generally mirrors the topography (Toth, 1963; Meyboom, 1967; Fetter, 1994; 
Rosenberry and Winter, 1997).
Wetland Sites:
All Water Howellia wetlands in the Swan Valley occur in a matrix of 
coniferous forest (Mantas, 1998). The dominant plant species in the watersheds 
surrounding the wetlands are ponderosa pine, douglas fir, and lodgepole pine. 
Cottonwood and aspen trees are located in the phyreatophytic fringe surrounding 
the wetlands.
A subset of four wetlands were chosen to represent the larger population 
(126 wetlands) of H. aquatilis inhabited wetlands (Mantas, 2001). Criteria for the 
selection of study sites were based upon;
1) accessibility (USFS land)
2) general lack of land disturbance in watershed basin
3) viable population of H. aquatilis
4) previous research (Shapley, 1998)
The selected wetlands represent northern and southern regions of the valley as 
well as east and west slope watersheds within the Swan Valley to capture 
precipitation and groundwater contrasts within the Swan Valley (Figure 2). The 
elevation of these wetlands varies between 3520 and 4240 feet AMSL.
Beaver Creek, Condon Group, and Piper Creek wetlands are classified as
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pothole wetlands which are shallow, marsh-like ponds (Mitsch and Gosselink, 
1993). The Holland Lake wetland is classified as a “fen”, which is a peat 
accumulating wetland (Mitsch and Gosselink, 1993). Shapley (1998) surveyed a 
subset of 31 H. aquatilis occupied wetlands in the Swan Valley. He described 
the Condon (P20) and Piper Creek (P90-91) wetlands as small, steep-sided, 
elongate pond basins, while the Holland Lake (P76) wetland was described as a 
large, low-g rad lent, complex pond basin. The Beaver Creek (P45) wetland was 
not included in this study.
The Beaver Creek wetland (P45) is a single wetland situated in a closed 
basin that is on the Swan Valley side of the hydrologie divide between the south 
flowing Clearwater River and north flowing Swan River drainages (Figure 3). 
Holland Lake wetland (P76) is a single wetland situated in a closed basin, 1000 
feet upgradient from Holland Lake (Figure 3). An outlet on the east side exists 
when this wetland is at full stage. Condon Group wetlands (P20-23) are multiple 
wetlands in a large basin, with each of the wetlands located in individual, closed 
micro-watershed basins (Figure 3). There is a surface water connection 
between the P20 wetland and P21 wetland. Four of the wetlands in this area are 
included in the research. The Piper Creek wetlands (P90 and P91) are both 
located in closed watershed basins (Figure 3). P91 is west and upgradient from 
the P90 wetland. An outlet exists at the northern end of the P90 wetland when 
at full stage. Additionally, there are 3 to 4 wetlands immediately downgradient to 
the north from this wetland.
\
I  0 2 4 ^  : J ^07p 
 ̂  ̂ 025'
Contour Interval = 40 feet 1 Mile
Figure 3 Site maps of individual wetlands, a) Condon Group (P20-23, labeled 020-023), b) Beaver Creek 
(P45, labeled 045), c) Holland Lake (P76, labeled 076), and d) Piper Creek (P90-91, labeled 090-091).
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The remainder of this thesis is organized into the following sections: 
Chapter 2 discusses methodology and instrumentation utilized in this study. 
Results are presented in Chapter 3 and interpretations of the results and 
analyses of land use on wetland hydrology are discussed in Chapter 4. 
Conclusions are presented in Chapter 5.
CHAPTER 2: METHODS AND INSTRUMENTATION
Methods identified the primary source(s) of water to the wetlands, 
components that drive seasonal variation of water input, and assessed how land 
use modifications may influence wetland hydrology. Data were collected over 
two field seasons, 1999 and 2000.
Source and Timing of Water to the Wetlands
Water balances have been a common research tool for hydrologie studies 
of lakes and prairie-pothole wetlands (e.g. Winter, 1981; Hayashi et. al., 1998; 
Koerselman, 1989). A water balance approach is extremely useful for identifying 
the dominant hydrological controls in wetland systems, including their primary 
source of water (Figure 4).
The measurement of specific water balance components are described 
once the wetland and watershed morphologies were established. Wetlands 
were instrumentated with continuous level recorders, staff gauges, precipitation 
gauges, piezometer nests, monitoring wells in the watershed, floating 
evaporation pans, seepage meters, and mini-piezometers. A schematic of the 
Condon (P20) wetland shows the relative locations of instrumentation used to 
measure water balance components, vertical gradients, and water exchange 
(Figure 5). Instrument placement for the other three fully instrumented wetlands 
(P45, P76, and P90) are similar. Contour maps with wetland instrumentation 
locations are located in Appendix A.
12
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Water Balance for Forested Howellia Wetland Systems 
Inputs - Outputs +/- Change in Storage (Wetland Volume) = 0
Inputs -  Snow Melt, GW Inflow, Precipitation, SW inflow 









GW Inflow GW Outflow
Surface Water Outflow
Figure 4. Water balance schematic for H. aquatilis inhabited wetlands
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Figure 5. Instrumentation schematic of Condon (P20) wetland
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Wetland Morphology:
The morphology of the wetland and the surrounding watershed basin was 
surveyed using a Leica TC 307 Total Station. These maps were used to 
compute water volumes associated with the wetland stage and watershed 
surface area and basin snowpack measurements. The surveying process 
resulted in at least 200 point measurements within each wetland pond and over 
400 point measurements for watershed characterization (Appendix A). 
Precipitation Inputs:
Two 8 inch diameter rain gauges, constructed from 1 gallon new paint 
cans, were used to collect precipitation data. One rain gauge was mounted in 
the wetland and one was placed in the watershed. A funnel was incorporated 
into the gauge design to minimize evaporative loss. The direct precipitation 
inputs for each water balance period were calculated by multiplying the 
equivalent depth of the precipitation by the area of the wetland. Canopy gauges 
were used to assess watershed precipitation loading.
In addition to the direct precipitation collected at each of the four wetland 
research sites, 6 tru-check rain gauges were used by local residents to collect 
precipitation data from late May 2000 through September 2000. The rain 
gauges were located throughout the valley, representing east and west slope 
watersheds and north and south regions of the Swan Valley. Annual mean 
precipitation and temperature data were also obtained from Lindbergh Lake and 
Swan Lake weather stations for 1999 and 2000 field seasons (Western Regional
15
Climate Center, 2001). These data were used to examine precipitation variability 
in the basin and to compare site specific data with regional precipitation data. 
Snow Survey:
In March 2000, a snow survey of watershed snowpack at each of the four 
wetland watershed basins was performed. The snow water equivalent of the 
snow pack was converted to be % the snow pack depth (Armstrong, 1981).
Snow water equivalent was then multiplied by surface area of the wetland basin 
to determine the available snow melt contribution to the wetlands and their 
corresponding watersheds (Appendix B).
Wetland Water Volume Changes:
The change in wetland area over time was calculated from wetland stage 
measurements derived from staff gauge readings and a Stevens Type F 
continuous level recorder located adjacent to the staff gauge. Volume changes 
were computed by combining surface area and pond geometry data (Appendix 
B).
Direct Evaporation:
A floating evaporation pan, constructed from a 14 inch diameter plastic 
container and located adjacent to the staff gauge, was used to establish direct 
evaporative loss from the water body. Biweekly, the change in the evaporation 
pan depth was recorded, adjusted for precipitation input, and combined with 
surface area data to obtain the volume of water loss to direct evaporation.
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Evapotranspiration:
Evapotranspiration was calculated from the continuous surface water 
hydrographs at each wetland using an equation developed by Meyboom (1967) 
(Appendix C):
ET = Sy(24r +/- a s ) A 
where Sy = specific yield of wetland, 24r = change in wetland stage per day 
(graphically derived), as = difference between wetland stage at the completion of 
a 24 hour period (graphically derived), and A = surface area of the wetland. 
Specific yield was assumed to be 1 for the wetland free water surface.
Plant Transpiration:
A plant transpiration component of the water balance was isolated from the 
évapotranspiration component by subtracting direct evaporation readings from 
the corresponding évapotranspiration value.
Surface Water Outflow:
No direct overland flow was observed in the wetland watersheds. Thus, 
direct surface water input was considered to be insignificant as water balance 
analysis was initiated after snow melt.
Only two wetlands had a surface water outflow component of the water 
balance. Piper Creek (P90) and Condon (P20). The method of measuring 
surface water outflow consisted of measuring the width and depth of the outflow 
channel and multiplying the sum of the width and depth by the water velocity in 
the channel. The velocity was determined by timing the transport of a floating
17
object over a known distance (Gordon et al., 1992).
Computation of Water Balance 
The water balance equation for these forest wetland systems is:
GW inflow + Precipitation - Direct Evaporation - Plant Transpiration - Surface 
Water Outflow - GW Outflow +/- a wetland volume = 0.
Water balances were computed over 2-3 week periods to allow for the 
separation of dominate hydrological components over time. The calculation of 
groundwater inflow as a residual from the differences in inputs and outputs in the 
water balance equation, results in the accumulation of error associated with the 
quantification of all the other defined water balance components.
Identification of Factors Influencing Seasonal Variation in Water Influx 
The use of a water balance approach allows for the gross quantification of 
the principal sources of water entering and leaving the wetland. However, 
additional analyses are required to assess how individual watershed and wetland 
characteristics directly influence wetland response to natural or human induced 
changes to the watershed basin. Methods for studying groundwater-surface 
water interaction involve comparing groundwater elevations in shallow wells 
surrounding the wetland with the stage of the wetland, the determination of in 
wetland hydraulic vertical gradients using mini-piezometers, and the magnitude, 
timing, and location of seepage flux.
Groundwater Inflow/Outflow:
Wells in this study were used to establish basin and near pond vertical
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gradients, to interpret groundwater flow direction, and for collection of water 
samples for chemical analyses. At each fully instrumented wetland, three well 
nests consisting of 3/4 inch diameter steel pipe, were driven into the shore. Two 
of the three nests consisted of two wells completed at depths of approximately 4 
and 8 feet, below land surface. The other well nest consisted of three wells 
finished at depths of approximately 3, 4, and 8 feet (labeled by the well nest 
number and SS for super shallow, S for shallow, and D for deep). Deeper wells 
constructed from 3/4 inch diameter PVC, ranging from 8 to 18 feet, were drilled 
in the watershed at each of the four wetland sites with the use of a truck- 
mounted Geoprobe unit. For the specifications of all wells, refer to Appendix D. 
Geochemistry:
Water samples were collected from the shallow groundwater, wetland 
surface water, deeper wells in the watershed, and five domestic wells near the 
Beaver Creek and Holland Lake sites according to standard methods (Appendix 
E). Samples were analyzed for Al, As, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, 
Mn, Mo, Na, Ni, P, Pb, S, Si, Sn, Sr, Ti, V, and Zn using an ICP-ES (inductively 
coupled plasma emission spectroscopy) (Martin et al., 1994) and Cl, F, NO3,
PO4, and SO4 using an automated ion chromatograph (Pfaff, 1993). A full round 
of water samples was taken on September 18, 1999, June 15, June19, and 
August 16, 2000.
Specific conductance (Hach mini-conductivity meter, model 17250) and pH 
(Orion model 250A pH meter) of the wetland surface water was measured as 
part of the bi-weekly data collection process using standard methods.
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Additionally, specific conductance and pH was measured for each collected 
water sample during the 2000 field season. Alkalinity, calculated via volumetric 
titration, was also determined for each water sample collected during the 2000 
field season (Langmuir, 1997). These data were used to examine if a local or 
regional groundwater source could be identified as well as to examine if ionic 
constituents were being concentrated due to wetland evaporative losses. 
Mini-Piezometers and Seepage Meters:
Vertical hydraulic gradients within the wetland sediment were measured 
using mini-piezometers constructed from % inch diameter electrical conduit (Lee 
and Cherry, 1978). Seepage meters adjacent to the mini-piezometers 
constructed from 5 gallon plastic drums were used to measure water exchange 
through the wetland and to compute vertical hydraulic conductivity values (Lee 
and Cherry, 1978).
Watershed Hydrogeologic Properties:
To investigate the physical and hydrologie properties of the watershed and 
wetland sediment, soil pits were dug in the watershed and wetland at all of the 
research sites. Sediment samples from the watershed were taken from 
approximately 3-4 feet below land surface. The watershed sediment samples 
were used for permeameter tests (Fetter, 1995). Cores taken from the wetland 
were used for permeameter tests and were cut in half for visual inspection. In 
addition, slug falling-head tests were conducted on selected wells in the field. 
These data were used to examine the role of local groundwater flow in the
2 0
supporting the observed wetland cycle.
Land Use Modifications and Influences on Wetland Hydrology
Once the dominant hydrological components and seasonal controls on 
wetland hydrology are resolved, an analysis of the effects of hypothetical land 
management alterations on the wetland hydrology was examined.
The watershed of the Swan River is densely forested and has undergone 
periods of timber harvest and natural modification by fire. The potential affect of 
timber harvesting on changes in water yield to the local wetland systems was 
assessed using the WRNSHYD (WReNSs HYDrology) modeling program 
(Minister of Supply and Services, 1989). The WRNSHYD model carries out all of 
the graphical lookup and bookkeeping required to use the hydrology section 
(Chapter 3) of the WRENSS (An Approach to Water Resources Evaluation of 
Non-point Silvicultural Source) procedural handbook (US ERA, 1980). Input 
parameters of the model include area of watershed basin, aspect, monthly 
precipitation averages, tree type, absense/presence of snow scouring, basal 
area of trees, total area of clearcut, roughness of possible cut, width of cut block, 
and area of cut block. The modeling will allow examination of the effects of fire 
and logging on the annual water yield from a typical Swan Valley watershed. 
Modeling results will then be used to suggest how changes in micro-basin water 
yield may affect Water Howellia's ability to survive and reproduce.
CHAPTER 3: RESULTS
This section identifies the primary source of water to the wetlands, controls 
on seasonal variation in water input, and how land management decisions may 
influence wetland hydrology.
Source and Timing of Water to the Wetlands 
Regional Climatic Data:
Annual mean temperature, mean snow fall, and annual mean precipitation 
from Lindbergh Lake and Swan Lake weather stations are presented in Table 1. 
These climatic parameters were averaged from historic data, collection of which 
began in the late 1940's to early 1960's. Precipitation data from the weather 
stations indicate that total precipitation for 1999 ranged from 83-87% of normal 
according to historic averages. The annual temperature was slightly higher as 
the Lindbergh Lake weather station reported a 1.5 °F increase in mean annual 
temperature for 1999. Complete data were not available for 2000, however, 
precipitation was reported regionally as below normal.
Precipitation data from the closest volunteer location to each wetland was 
compared with rain gauge data collected at the nearest wetland (Tables 2-5). 
Although the precipitation amounts at the volunteer and wetland locations are 
similar, the differences suggest localized climatic variations occur. Precipitation 
data for all volunteers are listed in Appendix B.
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Table 2. P20 wetland precipitation values versus volunteer precipitation data
Time Period Swan Ecosystem Center Condon (P20)
elev. 3650 ft ppt (in.) 
2 mi. SW of P20





Total PPT 3.10 3.02
Table 3. P45 wetland precipitation values versus volunteer precipitation data
Time Period Terillion-Pierce Lake Beaver Creek(P45)
elev. 4300 ft. ppt (in.) 
1.5 mi E of P45




Table 4. P76 wetland precipitation values versus volunteer precipitation data
Time Period Erickson-Holland Creek Holland Lake (P76)
elev. 4000 ft. ppt (in.) 
Vz mi S of P76





Total PPT 1.32 1.39
Table 5. P90 wetland precipitation values versus volunteer precipitation data
Time Period Grant-Salmon Prairie Piper Creek (P90)
elev. 3500 ppt (in.) 
5 mi. S of P90








Total PPT 2.28 2.41
Water Balance Results:
Water balance measurements were collected during both 1999 and 2000 
field seasons. Tables 6 and 7 show water balance results for Condon (P20) and
Table 6. Condon (P20) wetland water balance results
Date Water Balance Period PreciDitation Evaooration Transpiration SW Outflow Pond Volume Net GW Inflow Net GW Inflow Rate
(days) (ft3) m3) m3) (fl3) (A3) (A3/dav)
04/30/00-05/16/00 16 500 900 2300 25200 -8300 19600 1200
05/16/00-05/23/00 7 60 800 1700 13000 -1500 12000 1700
05/23/00-06/20/00 28 3600 2400 11400 1300 -3000 16900 600
06/20/00-07/07/00 17 2000 2000 3200 2600 -3000 2400 100
07/07/00-07/25/00 18 0 2600 3000 2800 -7500 900 50
07/25/00-08/16/00 22 0 1800 5400 700 -7600 300 10
Table 7. Beaver Creek (P45) we land water balance results
Water Balance Chanae in Net GW NetGW
Date Period Precipitation Evaporation Transpiration Pond Volume Inflow Inflow
(days) (A3) (A3) (A3) (A3) (A3) (A3/day)
06/01/00-06/23/00 22 5900 9100 37500 -15400 25300 1200
06/23/00-07/19/00 26 3200 10600 41500 -28400 20500 800
07/19/00-07/27/00 8 0 3600 14000 -10000 7600 900
07/27/00-08/16/00 20 0 4900 21700 -15600 11000 600
K)OJ
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Beaver Creek (P45) wetlands. Water balances for the other two wetlands are 
similar (Appendix B). Plant transpiration, groundwater inflow and surface water 
outflow (when present) are the dominant hydrological controls in these wetland 
systems from spring through early fall. Values for these hydrological controls are 
an order of magnitude higher than the other water balance components. 
Groundwater inflow and plant transpiration outputs declined over the water 
balance period at all wetlands (Tables 8-11). Although plant transpiration rates 
increased from spring to early fall, total plant transpiration water loss decreased 
due to the decline in wetland stage and associated water table position. Though 
discharge estimates of surface water outflow were small (7.3 x 10"̂  to 1.8 x 10'  ̂
cfs), total seasonal surface water discharge was significant in wetlands with 
surface outflow.
Table 8. Groundwater inflow and








plant transpiration rates for P20 wetland
Table 9. Groundwater inflow and






plant transpiration rates for P45 wetland
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Table 10. Groundwater inflow and plant transpiration rates for P76 wetland






Table 11. Groundwater inflow and plant transpiration rates for P90 wetland
Water Balance GW Inflow Transpiration











Water Balance Error Analysis:
Although water balances are a common tool in studying lakes and 
wetlands, it is important to try to quantify an error In values for each component 
in the water balance equation. Major influences affecting rain gauges and their 
precipitation measurements Include wind, evaporation, and height above ground. 
Each rain gauge was approximately 40 inches above ground, and depending on 
wind patterns, an error of +/- 5 to 15 % can be expected for long term data 
(Winter, 1981). It is expected that wind patterns did not heavily influence rain 
gauges due to the forest canopy surrounding the wetlands, minimizing 
introduced error in precipitation measurements. A +/- 5% error was used in the 
error analysis.
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Floating evaporation pans are considered a direct measurement of 
evaporation and it is not possible to quantify an error since no other 
measurements of evaporation were performed. However, literature suggests a 
range of +/-10 to 15% error (Winter, 1981). Due to lack of windy conditions, a 
+ /-10% was used for floating evaporation pan values.
Evapotranspiration calculations using Meyboom’s analysis of surface 
water hydrographs can have significant error (Meyboom, 1967). Although the 
surface water charts are extremely accurate , +/- 0.01 feet, determining the slope 
of the diurnal curves has some inherent error resulting from slope placement as 
the shape and size of the curves vary. Though the slope of the curves was 
taken near or at 6 am each morning, it was difficult to replicate each hydrograph 
measurement. The difference in évapotranspiration measurements on the 
hydrographs due to interpreted slope was typically 0.01 foot or less. Multiplying 
+/- 0.01 feet to the surface area of each wetland resulted in a mean error of +/- 
20%.
Determination of wetland stage involved using the staff gauge to measure 
to the nearest 1/16 of a foot. The wetland basin was intensively surveyed with 
state of the art surveying equipment. Error analyses of the survey indicate that 
instrument elevation error was 0.1 feet at Holland Lake (P76) and 0.002 feet at 
Condon Group (P20-23), Beaver Creek (P45), and Piper Creek (P90). Due to 
the difficulty in capturing the exact morphology of the wetland, a 10% error was 
assigned for the change in wetland volume (storage) component of the water 
balance.
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Significant error could have occurred during measurement of surface 
water outflow by assuming a constant channel width, depth, and velocity. The 
surface water outflow was taken at the start of the water balance period and at 
the end of the water balance period. An average value for surface water outflow 
was calculated for these two measurements. An average from two periods of 
time is not as accurate as the mean of several measurements during a water 
balance period to describe the variability in surface water discharge.
Additionally, a float test is not the most accurate way to measure surface water 
discharge due to velocity differences between the top and bottom of the outlet. 
Due to these factors, a 50% error was assigned to surface water outflow values.
The determination of groundwater inflow from a difference in water 
balance components results in the accumulation of error from all of the other 
water balance components (Table 12). Propagated error assigned to the 
groundwater inflow component was calculated from the error estimates for all of 
the other water balance components using the formula (Agroundwater inflow)^ = 
(Aprecipitation)^ + (Apond volume)^ + (Aevaporation)^+(Aplant transpiration)^ 
+(ASurface water outflow)^ (Wolfs, 2001 ). Surface water outflow was assigned 
the largest error. Surface water outflow only occurred early at the Condon and 
Piper Creek wetland sites for part of the measurement period. Consequently, 
error for groundwater inflow is much smaller in the wetland sites that did not 
experience an outflow of surface water (Beaver Creek and Holland Lake). 
Examples of water balance component values with associated error estimates 
are given for Condon and Beaver Creek Creek wetlands (Figures 6 and 7).
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Table 12. Error estimates for water balance components
Water Balance Component Error
Precipitation +/-5%
Change in Wetland Volume +/-10%
Direct Evaporation +/-10%
Surface Water Outflow +/-50%
Plant T ranspiration +/-20%
Groundwater Inflow (no SW outflow) +/-25%
Groundwater Inflow (w/SW outflow) +/-55%
Snow Survey Results:
Snow surveys of the wetland watershed basins were conducted in early 
March to determine if significant water is available within the local wetland basin 
to sustain pond hydrology. Results for Beaver Creek (P45) and Condon (P20) 
indicate that if a minimal infiltration rate of 10% is assumed, localized basin 
recharge from snow melt is adequate to sustain the seasonal water demands of 
the localized groundwater flow systems associated with the P20 and P45 
wetlands (Tables 13 and 14). Snow survey results for the other wetlands are 
















Figure 6. Condon (P20) water balance component values and associated error










P45 Beaver Creek 
(06/23-07/19/00)
Figure 7. Beaver Creek (P45) water balance component values and associated 
error
Table 13. Annual water balance for P20 wetland including snow survey
Parameter Assumptions Snow Input Precipitation
(4/30-8/16)







fl̂ ft: ft̂ ft: ft: ft:
10% snow melt infiltration in watershed, 100% in wetland 328100 8000 46300 37500 45900 206500
15% snow melt infiltration in watershed, 100% in wetland 357200 8000 46300 37500 45900 235600
20% snow melt infiltration in watershed, 100% in wetland 386300 8000 46300 37500 45900 264600
30% snow melt infiltration in watershed, 100% in wetland 444400 9800 46300 37500 45900 324600
40% snow melt infiltration in watershed. 100% in wetland 502600 9800 46300 37500 45900 382700
Table 14. Annual water balance for P45 wetland including snow survey





ft3 ft3 ft3 ft3 ft3
10% snow melt infiltration in watershed, 100% in wetland 754800 117500 61600 37500 773200
15% snow melt infiltration in watershed, 100% in wetland 832200 117500 61600 37500 850600
20% snow melt infiltration in watershed, 100% in wetland 909500 117500 61600 37500 928000
30% snow melt infiltration in watershed, 100% in wetland 1064300 117500 61600 37500 1082700





Three rounds of water sampling were conducted over the period of this 
study. Overall, the ionic concentrations in the shallow groundwater and surface 
water of these wetlands is very low (Tables 15 and 16). The wetland surface 
chemistry and shallow groundwater is calcium bicarbonate dominated with lesser 
concentrations of potassium, magnesium, manganese, sodium, and fluoride.
Water chemistry of the wells on the shoreline of the wetlands (i.e. W20- 
2D) and surface water (i.e. SW20) are similar for all wetland systems (Tables 15 
and 16, Appendix E). Calcite was the only mineral that was over-saturated in 
some of the shallow and deeper groundwater samples. Over-saturated calcite 
may be precipitated in the wetland, decreasing its concentration in the wetland 
surface water. An average error of +/-5% was calculated for ionic concentrations 
from water samples collected from the P20 wetland on 5/23/00. Deeper wells 
driven into the deeper portion of the watershed groundwater flow system (i.e. 
MW20-3) have higher ionic concentrations than shallow groundwater and 
surface water samples. The different chemical signatures from the deeper wells 
are similar to chemistry results from domestic wells (DW-1), indicating a more 
regional groundwater source.
Results from bi-weekly measurements of specific conductance and pH for 
Condon (P20) and Beaver Creek (P45) wetlands are shown in Figures 8 and 9. 
Values for both pH and specific conductance are seasonally variable. The
Table 15. VVater chemistry results for Condon Group wetlands 8/16/00. All concentrations are in mg/l







0.07 0.1 0.05 0.0003 0.18 0.007 0.1 0.1 0.5 (ma/l )CaCO« Conductance
Imcromhos/cm)
Field Blank <0.05 <0.5 <0.1 0.0014 <0.05 0.0037 <0.1 <1 <0.5
P20-SW surface water 9.822 2.626 3.193 0.0277 1.779 0.234 <0.1 1.01444 <0.5 87 92 7.41
P21-SW surface water 3,603 2.342 2 278 0.0158 1.085 0.2454 <0.1 <1.0 <0.5 31 80 6.41
P22-SW surface water 4.306 2.446 1.221 0.008 0.9931 0.241 <0.1 <1.0 <0.5 33 50 6.80
W20-1D 3.65 4.521 0.8689 1.438 0.3833 1.143 0.2591 <0.1 <1.0 <0.5 35 110 6.73
W20-2D 3.35 7.144 1.463 1.909 0.635 1.496 0.1946 0.687803 1.42728 <0.5 47 110 6.75
W20-3S 1.12 6.242 1.172 2.322 1.401 1.188 0.2205 0.423977 <1.0 <0.5 47 120 6.36
W20-3D 4.75 8.565 1.092 3.382 0.3192 1.75 0.2614 <0.1 <1.0 <0.5 53 120 5.84
MW20-1 4.13 62.94 11.16 20.01 1.703 8.245 2.264 0.89 4.13 1.93 265 520 7.25
MW20-2 0.20 77.34 7.281 29.25 5.497 13.21 2.671 0.29 4.26 5.07 255 520 7.43
MW20-3 4.68 61.69 10.11 18.25 0.6658 10.62 4.646 0.69 6.18 5.38 317 600 7.35
OJto
Table 16. Water chemistry results for Beaver Creek wetland Including domestic wells (DW1-DW3). All concentrations are






0.070 0.100 0.050 0.000 0.180 0.007 0.10 0.10 0.50 (ma/l) CaC03 Conductance
(micromhos/cm)
fiH
Field Blank <0.05 <0.5 <0.1 0.0014 <0.05 0.0037 <0.1 <1 <0.5
P45-SW surface water 10.770 1.326 3.739 0.007 1.264 0.452 <0.1 <1.0 0.50 47 84 6.96
SM-5 seepage meter 11.06 0.809 3.52 0.0015 1.073 0.2746 <0.1 <1.0 <0.5 64.4 100 6.95
W45-1D 4.7 13.150 <0.5 4.657 0.175 1.725 0.467 0.37 1.07 <0.5 80 180 6.07
W45-2D 3.46 19.77 1.900 7.897 0.7483 2.465 0.3915 0.687803 1.42728 <0.5 100.8 200 6.93
MW45-3 6.49 40.38 0.963 11.45 0.1412 1.378 1.121 0.108576 <1.0 2.53582 152.4 300 7.55
MW45-4 7.58 46.24 1.512 13.67 0.0749 1.827 1.194 0.263664 <1.0 2.64688 184.4 320 7.53
MW45-5 7.67 75.01 2.336 22.39 0.7841 3.821 0.919 0.328295 1.63801 0.813396 268.8 500 7.04
MW45-6 6.74 19.250 4.475 5.479 0.402 2.182 2.187 <0.1 1.68272 5.4503 103.2 240 6.95
DW-1 unknown 11.88 2.126 19.92 0.0007 3.784 0.6782 0.300514 1.1613 2.04692 125 240 7.55
DW-2 unknown 37 1.102 15.39 0.0114 7.344 0.7454 0.163704 <1 1.74313 185 350 7.52
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Figure 8 . Specific conductance values for Condon Group wetlands
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Figure 9. pH trends for Condon Group wetlands
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lowest specific conductance values for all wetlands were generally measured in 
the early spring, during snow melt inputs. Specific conductance values were 
variable during the summer period, with a slight increase measured during 
periods just prior to total wetland dessication. Though wetland pH values for all 
wetlands were seasonally variable, ranging from 5.62 to 7.97, no distinct trends 
were observed.
Hydrological Controls of Wetland Sediment and Watershed Till:
Physical and hydrological properties of the wetland sediment and 
watershed till matrix control the amount and rate of groundwater recharge, and 
the rate and quantity of groundwater/surface water exchange in the wetlands. 
Many of the Howellia Inhabited wetland depressions are shallow, undrained, and 
are probably kettles formed from ablation till. Shapley and Lesica (1997) 
estimate that in the Swan Valley about 60% of the H. aquatilis sites are underlain 
by valley-facies till deposited by the northward-flowing Swan Valley Glacier, 5% 
are underlain by valley-facies till of the south-flowing Clearwater Glacier, and 
about 25% by deposits of tributary alpine glaciers. The remainder of the 
Howellia sites are underlain by discontinuous or lesser known lithologies.
Grain-size analyses of the watershed till matrix suggest that the sediment 
is coarse-grained as the gravel and coarse sand fraction ranges from 75-87% by 
weight (Table 17). These numbers are misleading as the degree of sorting and 
its influence on water movement is not presented. The glacial till of the 
watershed basins is a diamicton, representing poorly sorted sediment that 
contains a coarse-grained fraction in a fine-grained matrix. The fine-grained
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matrix limits hydrologie flow and the gravel size fraction creates locations in the 
till that are impermeable to water, reducing hydraulic conductivity.
Table 17. Grain-size distribution of watershed sediment
Grain Size P20 P45 P76 P90
% by wt % by wt % by wt % by wt
gravel 45.78 41.27 47.48 43.87
coarse sand 36.37 45.83 28.77 39.92
fine sand 3.65 4.88 2.49 0.41
silt 14.00 7.93 20.98 15.66
clay 0.19 0.09 0.28 0.13
Hydraulic conductivity of the wetland sediment and watershed till was 
estimated from permeability tests using wetland sediment cores and surrounding 
watershed till samples (Fetter, 1995), falling-head slug tests, seepage meter flux 
data coupled with vertical gradients from mini-piezometers (Lee and Cherry 
1978), and published values (Fetter, 1995) (Tables 18 and 19). Specifics on all 
site characterization tests are in Appendix G. Hydraulic conductivity estimates 
for the watershed till matrix range from 1 x 10 °® to 5 ft/d Tables (18-20). 
Permeameter tests of the watershed till indicate that the till in Condon, Holland 
Lake and Piper Creek wetlands have similar hydraulic conductivity values 
ranging from 1 x 10'  ̂to 8 x 10 ® ft/d. A higher sand fraction percentage in the top 
layer of till at the Beaver Creek wetland resulted in higher hydraulic conductivity 
estimates (3 to 5 ft/d) from permeameter tests. However, falling head slug tests 
for the Beaver Creek wetland resulted in low hydraulic conductivity values (1 x 
10^ to 1 X 10^ ft/d), indicating the presence of low permeability layers below the 
top sandy-silt layer.
Physical properties of the wetland sediment including description and
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depth of sediment zones and organic carbon content are listed in Table 20. 
Wetland sediment in wetlands, P20, P45, and P90 contain an organic horizon 
ranging from 10-12 inches in thickness underlain by a silty-sand or clayey zone. 
The organic layer in the P76 wetland was continuous to 40 inches.
Permeameter tests of the wetland sediment cores (Table 19) indicate low vertical 
hydraulic conductivity values for all wetland sites (1.8 x 10 °̂  to 5.9 x 10'°̂  ft/d). 
The clayey layer present in the Condon, Holland Lake, and Piper Creek wetlands 
probably limits groundwater exchange rates in the wetlands. Shapley and Lesica 
(1997) have also described a clayey layer in other H. aquatilis wetlands in the 
Swan Valley.
Hydraulic conductivity estimates were also estimated using groundwater 
flux from the water balance, vertical gradients, and wetland surface areas for 
P20 and P45 wetlands (Table 21). The hydraulic conductivity estimates based 
on groundwater flux are 1 to 4 orders of magnitude higher than hydraulic 
conductivity estimates from permeameter and falling-head tests, indicating the 
presence of zones of higher hydraulic conductivity and/or secondary permeability 
(fractures) in the watershed till. Although fractures were not observed in shallow 
pits dug into the watershed till, fractures have been commonly observed in 
glacial till (Grisak et. al., 1975; Grisak et al., 1976; Hendry, 1982; Keller and 
Kamp, 1988). If fractures or higher hydraulic conductivity zones are present in 
these low permeability wetland systems, they would control groundwater/surface 
water exchange and the amount and rate of groundwater recharge.
Other evidence of zones of higher hydraulic conductivity or secondary






silt, sandy silts, clayey sands, glacial till 3.40E-02 3.40E+00
silty sands, fine sands 3.40E-01 3.40E+01
Table 19. Hydraulic conductivity estimates of the watershed and wetland sediment for all sites
Method P20 P45 P76 P90
min (ft/d) max (ft/d) min (ft/d) max (ft/d) min (ft/d) max (ft/d) min (ft/d) max (ft/d)
Permeameter Test-Wetland Sediment (k„) no data no data 5.00E-02 1.80E-01 2.79E-02 5.90E-02 2.72E-02 4.29E-02
Permeameter Test-Watershed Sediment (k j 7.82E-03 8.63E-03 3.70E+00 6.37E+00 1.06E-02 2.79E-02 7.02E-03 1.20E-02
Slug Falling-Head Tests (k„) 7.40E-05 2.17E-03 1.33E-06 1.43E-04 4.89E-06 7.05E+00 7.82E-04 1.08E-03
Seepage Meter Flux/Grad. (k„) 9.22E-03 1.93E-01 9.59E-04 1.49E-02 5.32E-02 1.50E-01 7.69E-04 1.38E+01
Table 20 Physical properties of wetland sediment
Wetland Zone Depth Bulk Density Organic Carbon
(in.) g/cm3 %
P20 Organic Oto 12 0.36 19
Clay 12 to 20 0.55 11
Gravel/Clay Matrix 20+ na na
P45 Organic Oto 10 0.11 69
Sand 10 to 30 0.92 4
Gravel/Sand Matrix 30+ na na
P76 Organic 1 0-18 0.15 na
Organic 2 18+ 0.16 na
P90 Organic Oto 11 0.15 74
Clay 11 to 20 0.45 20
Gravel/Clay Matrix 20+ na na
woo
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permeability are higher hydraulic conductivity values estimated from seepage 
flux and falling-head tests. Seepage meters in Piper Creek during the 2000 field 
season, specifically SM90-2 and SM90-11, had high hydraulic flux values 
ranging from 1 x 10'°Uo 12 ftVd/ft^. During slug falling-head tests in the field, 
W76-2D had a hydraulic conductivity estimate of 7 ft/d, which was 3-4 orders of 
magnitude higher than any other k estimates using falling-head tests.
Additionally, during chemistry sampling results, wells W76-2D and W20-3D, were 
the only wells that it was not possible to pump dry.
Table 21
Wetland Time Period Days Area GW Inflow Hydraulic Flux Gradient Hydraulic Conductivity
ft2 ft3 ft3/d/ft2 ft/d
P20 05/16/00-05/23/00 7 17200 14400 1.E-01 0.3 4.E-01
P20 05/23/00-06/20/00 28 16700 8500 2.E-02 0.2 9.E-02
P20 06/20/00-07/07/00 17 16100 2800 1.E-02 0.15 7.E-02
P45 06/01/00-06/23/00 22 57600 25200 2.E-02 0.15 1.E-01
P45 06/23/00-07/19/00 26 52800 20500 1.E-02 0.05 3.E-01
P45 07/19/00-07/27/00 8 41500 5000 2.E-02 0.03 5.E-01
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Controls on Seasonal Variation in Water Input
It has been observed over two field seasons that at H. aquatilis occupied 
wetland re-establishment begins in the spring and dessication occurs in the fall. 
The size of each wetland, specifically surface area and volume, at full-stage is 
given in Table 22. The four wetlands did not have a higher stage in 2000 than in 
1999, even though the 2000 stage readings were measured earlier in the year 
(March) than the stage readings in 1999 (May). At full stage, surface water 
outflow exists at Holland Lake, Piper Creek and Condon wetlands, such outlet 
would limit maximum stage.
Table 22. Wetland surface area and volume at full stage for 1999 and 2000 field 
seasons
Wetland Field Season Surface Area Volume
(ff) (fe)
Condon (P20) 1999 18,200 35,000
2000 18,400 39,500
Beaver CreeK (P45) 1999 57,100 72,700
2000 60,100 82,300
Holland Lake (P76) 1999 96,100 73,600
2000 103,800 106,600
Piper Creek (P90) 1999 15,700 20,600
2000 22,400 32,800
Potentiometric maps of the Condon Group (P20-23) were constructed 
from water level data collected on 6/20/00 and 8/16/00 (Figures 10 and 11). 
Unlike the Condon Group wetlands, the other three wetlands are located in 
closed watershed basins that only contain a single wetland. Consequently, a
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source of water from upgradient wetlands is not possible. Both groundwater and 
surface water behavior for the other wetlands is similar to those for the individual 
wetlands in the Condon Group (P20-23) (Figure 10).
Several studies have described the complexities of the flow systems 
associated with lakes and wetlands (Meyboom 1967; Winter, 1978; Kamp and 
Hayashi 1998; Hayashi et. al., 1998). They have observed seasonal gradient 
reversals in the flow system (Anderson and Munter, 1981; Rosenberry and 
Winter, 1997). Cross sections constructed from data for the Condon Group 
(P20-23) and Beaver Creek (P45) wetlands demonstrate seasonal gradient 
reversals (Figures 12 and 13). The trends in seasonal hydraulic gradient 
reversals correlate with water level data from the other wetland systems, as the 
trend of positive vertical gradients (groundwater discharge into the wetland) in 
the spring through mid-summer, followed by negative vertical gradients (wetland 
leakage into the groundwater flow system) in late summer has been observed at 
all of the wetland sites. Observed positive vertical gradients for these wetland 
systems ranged from 0.5 to 0.01 feet while negative vertical gradients ranged 
from 0.01 to 1.8 feet. Water level data for the other wetlands can be found in 
Appendix D.
Graphs of seepage meter flux (Figures 14 and 15) from Beaver Creek 
(P45) wetland during the 1999 field season and Piper Creek (P90) wetland 
during the 2000 field season show hydraulic flux trends (no detailed data were 
collected at P20). Figures 14 and 15 demonstrate the decline in groundwater 
flow into the wetland in late summer. Vertical gradients determined from mini-
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Figure 12. Condon (P20) cross-sections with seasonal variation in wetland stage 
and water table configuration, a) positive vertical gradients indicate GW 
discharge, b) flow-through conditions, and c) downward vertical gradients 
indicate surface water seepage.
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Figure 13. Beaver Creek (P45) cross-sections with seasonal variation in wetland 
stage and water table configuration, a) positive vertical gradients indicate GW 
discharge, b) flow-through conditions, and c) downward vertical gradients 
indicate surface water seepage.
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Figure 14; Seepage meter flux from Beaver Creek wetland-1999 field season
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Figure 15. Seepage meter flux from Piper Creek wetland-2000 field season
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piezometers are located in Appendix F. The combination of seepage flux with 
vertical gradients allows for the calculation of vertical hydraulic conductivity of the 
wetland sediment. Results from these calculations are presented in Table 20.
In summary, potentiometric maps, vertical gradients in the wetland and 
watershed, seepage meter flux rates, and the groundwater inflow component of 
the water balance support the hypothesis that seasonal changes in the wetland 
are driven by a localized groundwater flow system.
Land Management Implications 
The WRENSS handbook classifies the Swan Valley as having a 
continental-maritime climate that is dominated by both snow and rain 
precipitation. Monthly precipitation averages from the Lindbergh Lake weather 
station were used for both sites. Snow in the Swan Valley is relatively “heavy” so 
the snow scouring (snow redistribution by wind) was not allowed in the model. 
The area of the watershed for each wetland was 1 acre for Condon (P20) and 8 
acres for Beaver Creek (P45). An east-west aspect was used to represent an 
“average” exposure to the sun. A tree type of spruce and fir was the closest 
match for the species found at these sites. The size of the clearcut was equal to 
the entire area of the P20 and P45 watershed basins. A value of 150 ft^/acre 
was used to estimate basal area of the trees in the watershed. Additional 
parameters such as roughness of cut, width of cut block, and area of cut block 
were automatically calculated by the model (Appendix H)
The unimpacted watershed simulates the wetland watershed basin in its
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present condition. The impacted watershed simulates clearcutting or burning the 
entire area of the watershed basin with complete removal of vegetation (Tables 
23 and 24). Processes removing all the watershed vegetation result in a gain of 
2.4 inches in annual water yield due to decreases in evapotranspirational 
demands. All input values and parameters for the WRNSHYD model are located 
in Appendix H.
Table 23. WRNSHYD model results for P20 wetland
Condon (P20) Wetland Un impacted Watershed Impacted Watershed
Precipitation (in.) 26.8 26.8
Evapotranspiration (in.) 14.6 12.6
Water Yield (in.) 12.2 14.2
Table 24. WRNSHYD model results for P45 wetland
Beaver Creek (P45) Wetland Unimpacted Watershed Impacted Watershed
Precipitation (in.) 26.8 26.8
Evapotranspiration (in.) 14.6 12.6
Water Yield (in.) 12.2 14.2
CHAPTER 4: DISCUSSION
Water balance calculations (Tables 6 and 7), including snow surveys 
(Tables 13 and 14), and water chemistry analyses (Tables 15 and 16) indicate 
that the dominant source of water to these wetland systems is groundwater 
inflow from a localized flow system. Additionally, H. aquatilis occupied wetlands 
display complex groundwater-surface water interactions.
Sources of Water to the Wetlands
Water balance analyses show that the studied wetlands are dominated by 
groundwater exchange. Net inflow of groundwater appears to decrease with 
time as wetland groundwater vertical gradient reversals are observed.
Regional Climate Controls:
Based on Lindbergh Lake and Swan Lake weather stations and 
precipitation data collected for this work, the study was conducted during years 
of below average precipitation. However, during a normal or wet year, the 
dominance of groundwater in the water balances is not expected to change as 
summer precipitation inputs (even during wet periods) were an order of 
magnitude less than surface water outflow (when present), plant transpiration 
and groundwater inflow. A resulting increase in recharge from a greater 
snowpack would most likely sustain the wetlands for a period longer prior to 
dessication.
Recharge to the Watershed Basin:
Calculations from the snow survey indicate that the localized groundwater
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flow system is principally recharged from snow melt infiltration. Tables 13 and 
14 for the Condon (P20) and Beaver Creek (P45) wetlands during March 2000 
indicate that there was an annual surplus of water (200,000 to 700,000 ft̂ ) by 
applying only 10% of the snow pack water equivalent as available recharge. 
However, the likely presence of sand lenses, fractures, plant roots, and 
macropore channels within the near surface watershed soil most likely results in 
preferential flow paths, increasing recharge and groundwater flux rates. The 
presence of secondary permeability in these wetland systems is supported by 
the measured higher hydraulic conductivity values estimated using groundwater 
flux values.
Groundwater Contribution and Controls:
Based on water balance analyses, plant transpiration, surface water 
outflow, and groundwater inflow from the watershed basin were determined to be 
the major controls on the wetland hydrology in the summer. This supports the 
fourth water balance model proposed by Shapley and Lesica (1997), which 
defines the hydrology of H. aquatilis wetlands to be dominated by inputs from 
precipitation and groundwater discharge from localized groundwater flow within 
the surrounding watershed basin and outputs from évapotranspiration. However, 
this model does not include a surface water outflow component which was 
observed at 3 of the 4 wetland sites.
The dominance of a localized groundwater inflow component to the 
wetland is also supported by the geochemical data. Figure 8 shows wetland
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water specific conductance is low in the spring and increases only slightly during 
the high water loss period (increasing from 50 to 90 micromhos/cm during the 
1999 and 2000 field seasons).
The wetland chemistry is also similar to the chemistry of the shallow 
groundwater. This trend was observed at each wetland. The Piper Creek 
wetland had higher specific conductance values ranging from 140 to 240 
micromhos/cm, but the shallow groundwater around this wetland had similar 
specific conductance and ionic concentrations. The low TDS water suggests 
that the localized groundwater flow system is principally recharged by snow melt, 
and the groundwater has a short residence time. The seasonal variation in 
wetland specific conductance is probably influenced by evapotranspirational 
processes increasing ionic concentrations, addition of ionic components to the 
wetland system by groundwater inflow, and dilution from precipitation events.
Water chemistry results (Tables 15 and 16) also show that the 
groundwater sampled from the deeper wells in the watershed (i.e. MW20-1) has 
a different ionic concentration than water samples from the shallow wells (i.e. 
W20-1Deep) and the wetland surface water (P20-SW). This suggests water 
from the deeper wells (7-17 feet) in the watershed are more representative of an 
intermediate to regional groundwater flow system, a system similar to the 
sampled domestic wells (i.e. DW-1). This observation further supports the 
conceptual model that the groundwater from the shallow wells (3-8 feet) near the 
wetlands is dominated by a localized groundwater flow system.
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Controls on Seasonal Variation in Water Influx
From spring to mid-summer, positive vertical groundwater gradients in all 
of the Howellia occupied wetlands indicate local watershed groundwater 
discharge into the wetlands (Figures 12 and 13). Then vertical gradients 
between a shallow flow system and the wetland stage decline until there is a 
short period of minimal water exchange between the wetland and the localized 
flow system (Figures 12 and 13). In late summer, the vertical groundwater 
gradients generally become negative and the wetlands lose water through 
seepage to the subsurface (Figures 12 and 13). Water balance results also 
show a net inflow of groundwater that decreases with time, corresponding with 
seasonal wetland gradient reversals. Seepage meter flux data and mini­
piezometer data also showed similar trends.
Water levels from shallow groundwater and wetland stage (Appendix D), 
seepage flux and corresponding mini-piezometer data (Figure 14) from the 
Beaver Creek wetland (P45) (during the 1999 field season) illustrate seasonal 
gradient reversals in the shallow flow system. Seepage meters SM 1-3 show 
positive hydraulic flux from June 28 to July 7, but negative flux occurs in mid- 
July.
Figure 15 displays results from a seepage network in Piper Creek during 
the 2000 field season and demonstrates the decline in groundwater seepage to 
the wetland from July 10 to July 17. The decline in groundwater seepage 
corresponds with a decline in vertical gradients (Appendix D). The water table 
then changed rapidly after July 17 and it was not possible to obtain another
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round of seepage meter data. Most likely, if another round of seepage meter 
data could have been collected, a gradient reversal would have been 
documented.
Seepage meter flux data from other wetlands demonstrate inconclusive 
results as a distinctive seasonal trend in hydraulic flux is not observed (Appendix 
G). Furthermore, vertical gradients from mini-piezometers adjacent to seepage 
meters have contradicted seepage meters flux results, i.e. negative vertical 
gradient, positive hydraulic flux. Possible reasons for this contradiction between 
seepage flux and vertical gradients are as follows:
1) mini-piezometer and/or seepage meter did not penetrate sediment layer 
and is not connected to the groundwater flow system
2) seepage meter is collecting interflow in the organic peat layer
3) walking on the wetland sediment results in water being “pushed” into 
seepage bag
4) mini-piezometer placed in zones of low hydraulic conductivity were not 
fully recovered when water levels were recorder, resulting in a negative 
vertical gradient
5) seepage meter may have intersected a fracture in the wetland sediment
Conceptual Models of Wetland Hydrology 
Cross-sections (Figures 16-18) of watershed flow paths were constructed 
based on site potentiometric maps (Figures 10 and 11). The cross-sections 
were orientated along a flow line to show the interpreted and conceptualized flow
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Figure 16. Cross-section of Condon Group watershed flow paths 06/20/00
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Figure 17. Cross-section of Condon Group watershed flow paths 08/16/00
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Figure 18. Cross-section of Condon Group watershed flow paths 09/30/00
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paths of both localized and more intermediate to regional flow systems, and their 
associated divides. Localized flow systems dominate wetland hydrology in mid- 
June and in late summer as the wetlands dry out, flow-through groundwater 
systems dominate wetland hydrology.
In summary, a model of the wetland hydrological cycle and its relation to 
the life cycle of Howellia aquatilis can be constructed from seasonal data and 
corresponding photographs. In April and early May, snow melt fills the wetland 
and recharges the surrounding watershed flow system and Howellia seedlings 
are submerged (Figures 19 and 20). During mid-June through mid-August, 
groundwater inflow mitigates wetland stage decline and water quality (Figures 21 
and 22). Plant transpiration from phreatophytes in and surrounding the wetland 
is a dominant hydrological control. Water Howellia matures, flowers, and 
produces seeds that are dropped into the wetland sediment.
As groundwater levels in the watershed decline, in late August through 
early September, the localized water table drops below wetland stage creating a 
gradient reversal that induces surface water seepage (Figures 23 and 24). Plant 
transpiration remains a dominant output from the system. Once the ponds have 
dried, H. aquatilis annuals quickly die and decompose. Howellia seeds recently 
dropped into wetland sediment are exposed to air.
During late September through October after several “hard frosts”, plant 
transpiration ceases, reducing outputs from the watershed flow system (Figure 
25). Precipitation events apparently raise the water table, and result in a slight 
refilling of the wetland. Howellia germinates in October and remains as a small
W et l a nd  H y d r o l o g i c a l  Cycl e  
A p r l l a n d  Early May
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Figure 19. Wetland hydrologie cycle-April through Early May
Figure 20. Photgraph of Piper Creek wetland in early April
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Figure 21. Wetland hydrological cycle-mid-June through Mid-August
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Figure 22. Photograph of Piper Creek wetland during mid-summer
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Figure 23. Wetland hydrological cycle-late August through early September
Figure 24. Photograph of Piper Creek wetland in early September
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Figure 25. Wetland hydrological cycle-late September through October
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seedling beneath the winter snowpack (Shapley and Lesica, 1997).
Land Management Implications 
Howellia aquatilis, designated as a threatened and endangered species, is 
entitled to conservancy strategies to ensure its survival and viability. Previous 
research has indicated that the most important factor in conserving this wetland 
plant species is for the wetland habitat to remain intact (Lesica, 1992; Shapley 
and Lesica, 1997). The checker board ownership of the land in the Swan Valley 
raises concern as to how land management decisions may impact the future of 
Water Howellia wetlands.
Analyses of water balance studies, groundwater-surface water interactions, 
and water chemistry results indicate that a localized flow system, principally 
recharged by snow melt, maintains water quality, wetland stage, and is the 
dominant hydrological input into these forested wetland systems. The growth 
cycle of Water Howellia is dependant upon these transient localized groundwater 
flow systems for wetland re-establishment in the spring, maintenance during 
growing season, and dessication in the fall. This localized groundwater flow 
system is dependent on the size and condition of the watershed basin in which 
these wetlands are located.
Since the H. aquatilis occupied wetlands are annually recharged from 
snow melt that recharges a localized groundwater flow system, it is important to 
understand and attempt to predict how land uses will affect the snow 
accumulation, timing and duration of snow melt, and recharge to the localized
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flow system. Timber harvesting, and associated road building to a lesser 
degree, and fire are the primary practices which are of concern in land 
management issues regarding the protection of Water Howellia. This study 
addresses hydrologie impacts from the removal of vegetative cover in the 
watershed basins surrounding the wetlands. Data were not collected to access 
the impact of roads on wetland hydrology, although road building in the 
watershed basins of H, aquatilis occupied wetlands is a concern (Liz Hill, 2001).
The results from the WRNSHYD model (Tables 22 and 23), which 
simulates a complete removal of trees in the watershed basin, supports that 
removal of trees in a watershed basin increases water yield (Troendle, 1983; 
Cheng, 1989; Adams et al., 1991; Hicks et. al., 1991). The increase in water 
yield is caused by different factors, primarily the loss of trees decreases soil- 
water depletion from plant transpirational demands (Troendle, 1983; Adams et 
al., 1991). Although an initial gain in water yield is observed immediately after 
tree loss, returning successional vegetation cover may reduce the water yield 
after only a few years (Troendle, 1983; Adams et al., 1991) or a water surplus 
could exist for 25-40 years. In some cases, successional plant species can use 
more water than the tree dominated system and further reduce water yield to 
levels that are less than that of the unharvested forest, Adams et al. (1991) 
report that a clearcut in a Douglas-fir forest resulted in an initial 4 inch surplus in 
water yield. In 5 years, this surplus turned into a 1 inch deficit.
Although H. aquatilis occupied wetlands are surface water bodies, it is the 
localized ground water flow systems that sustains them until late July and
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August. A number of adverse impacts can occur if the watershed basin is 
managed in such a way that all trees are removed. First, opening the canopy 
allows for more energy to reach the ground resulting in snow melt events that 
occur earlier in the spring (up to 3 weeks earlier) and are of higher intensity 
which results in an increased amount of overland flow (Troendle, 1983; Cheng, 
1989). Even though the wetland receives more water from overland flow, the 
localized groundwater system will not have the same amount of recharge due to 
a suspected reduction in meltwater infiltration. Optimal groundwater recharge 
would occur during a slower snow melt which allows more water to infiltrate. 
Three of the four, wetlands, Condon, Holland Lake, and Piper Creek have 
surface water outlets. The outlets would regulate wetland depth in the early part 
of the year, thus excess water would be lost as surface water outflow. In the 
wetlands that do not have a surface water outlet, wetland stage would be 
increased. The lack of canopy would also result in a higher energy budget that 
would increase evaporation and plant transpirational outputs from the system. 
This corresponding additional water use or loss would most likely decrease 
available recharge to the localized flow system as infiltration soil water is 
captured. A temporary reduction in wetland volume in late summer and early fall 
would probably occur. The wetland would most likely dessicate at an earlier time 
than observed.
Fire in these forested wetland systems can also affect these wetlands in a 
similar manner as timber harvest. Fire has been suppressed in the forests of the 
Swan Valley over the last 60 years (Mantas, 1998). Research on the age of fire
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scars on trees in old-growth plots in the Swan Valley have determined a fire 
frequency ranging from 25-30 years (Arno et al., 1995; Arno et al., 1997). The 
25-30 year fire cycle represents surface fires that clear the forest of ground fuels 
and most likely do not affect the hydrology of the watersheds of H. aquatilis 
wetlands. Stand replacement fires best represent logging. Research indicates 
that old growth plots in the Swan Valley revealed a stand clearing fire occurred 
during the 1600's, resulting in a stand replacement fire cycle of 350-400 years for 
these plots (Arno et al., 1995). Arno et al. (1997) suggest an overall stand 
replacement fire cycle of 150-350 years for the Swan Valley. The stand 
replacement fire cycle implies that the watershed surrounding H. aquatilis 
occupied wetlands has been naturally “logged” a minimum of every 150-400 
years during this species' existence in the Swan Valley, possibly over the last 
12,000 years.
In summary, tree removal in the local watershed, would most likely affect 
the wetland hydrological support system. If an initial increase in water yield 
would occur, it may be either short lived or could extend to 25-40 years.
However, the degree to which the Howellia life cycle would be altered is 
unknown. It would appear that the natural fire cycle has not resulted in a loss of 
minimal hydrologie conditions needed for Howellia survival.
CHAPTER 5: CONCLUSIONS
1) Snow melt runoff into the wetland and infiltration in the watershed basin 
recharges the localized groundwater flow system for each wetland. The 
localized groundwater flow system mitigates wetland stage and water quality in 
the wetlands until mid-August/early September when the wetlands partially or 
fully dessicate.
2) Water balance calculations show groundwater inflow, surface water outflow 
(when present), and plant transpiration are the dominant hydrological controls in 
these wetland systems.
3) Groundwater levels, mini-piezometer, and seepage meter flux data show 
seasonal groundwater gradient reversals change wetland from groundwater 
discharge (spring), to flow through (summer), to recharge (fall).
4) Processes that would remove all trees from the wetland watershed will alter 
the wetland hydrology by increasing initial water yield and most likely enhancing 
direct evaporation. The surplus of water may only be a short-term gdin until 
successional plant species are established in the watershed basin or a water 
surplus could exist for 25-40 years. A reduction in groundwater recharge due to 
less than optimal recharge conditions from a lack of canopy will most likely cause 
H. aquatilis wetlands to dessicate earlier than observed. To ensure species 




CHAPTER 6: RECOMMENDATIONS FOR ADDITIONAL WORK
1) Additional hydrologie studies on other Howellia occupied wetlands need to be 
conducted to further study the larger population of Howellia occupied wetlands.
It would be useful to compare the function of timber harvested wetlands with 
unharvested wetlands. Furthermore, a study designed to observe any 
differences in wetland hydrology and water chemistry between Water Howellia 
unoccupied and occupied wetlands may help define habitat limitations for Water 
Howellia.
2) This research needs to be expanded to examine how the wetlands, their 
associated groundwater flow system, and the regional flow system interact in 
regions with isolated and closely spaced wetland clusters.
3) Research designed to investigate the presence of fractures or zones of higher 
hydraulic conductivity would greatly enhance the understanding of these wetland 
systems as these features most likely increase permeability in these wetland 
systems.
4) Long-term hydrologie monitoring of H. aquatilis occupied wetlands would aid in 
our understanding of the degree that natural variation in the wetland systems 
impact Water Howellia survival.
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Contour Interval = 2 feet
Surface map of Condon Group (P20-23) wetlands. A ll wetlands are outlined. A ll units 
are in feet.
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Contour Interval = 40 feet
Beaver Creek (P45, labeled 045) wetland cluster map
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C o n t o u r  In te rva l  = 1 5  fe e t
Surface map of Beaver Creek (P45) wetland. Location of wetland is shown by
transparent area. All units are in feet.
+
MW45-5















700.00 800.00 900.00 1000.00 1100.00 1200.00 1300.00lUUU
t Easting (ft.)Contour Interval = 2 feet
MW45-2
MV\M5-3
Post contour map of Beaver Creek (P45) wetland showing positions of wetland instrumentation.
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Contour  Interval = 40 feet
Holland Lake (P76, labeled 076) wetland cluster map.
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C o n t o u r  In te r v a l  = 1 foot
Surface map of Holland Lake (P76) wetland. Location of wetland is shown by
transparent area. All units are in feet.
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Post contour map of Holland Lake (P76) wetland showing positions of wetland
instrumentation.
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/
Piper Creek (P90-91, labeled 090-91) wetland cluster map.
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Post contour map of Piper Creek (P90) wetland showing positions of wetland
instrumentation.
Approximate locations for seepage meters in the Beaver Creek (P45) wetland during the 1999 field season.
Figure is not to scale.
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P20 Condon Snow Survey. 3/4/00 
Yardstick Measurements (inches)
9 22 8.5 2 10
10 8 8.5 6 12
3 5 13 4.5 9.5
6 8 14.5 7 7
11 12 8.5 14
14 9 5 15
18 14 2 16
11 8 8 11
9 9 10 18
13 11 6 10
15 10 3 9
15 9.5 2 2.5
9 6 6.5 5 mean
surface area of watershed = 189219 ft̂
surface area of wetland = 60000 ft̂
P45 Snow Survey. 3/11/00
Yardstick Measurements finches) 
Pond Basin
11 23 4 3
15 24 4 7
16 24 9 16
15.5 26 4 16
17 26 12 11
20 21 9 17
18 27 7 13
19 20 10 4
22 24 13 10
23 25 8 14
mean = 21 mean =
surface area of watershed = 309501 ft̂
surface area of wetland = 57147 ft̂
10
oo4̂
P76 Snow Survev. 3-4/00 surface area of 258414 ft'
watershed =




17 20 9 16 9 8.5
18 19 8 13 7 8
25 26 10 8 11 5
19.5 21 1.5 6 9 9
27 22 4 6 8.5
17 22 12 6 4
17 24 12 2 12
17 23 8 5 15
pond mean = 21 " 5 9 9
15 6 4
11 5 6
P90 Snow Survey. 3/4/00 
Yardstick Measurements (inchest
20 8 14 15
18 5 7 13
15 9 11 18
15 4 3 19
13 11 9 18
18 10 12 17
19 14 14 13
16 18 13 23
4 13 12 14
4 20 7 15
8 14 11
basin mean = 8
surface area of watershed = 
snow input volume =
152499
81865 ft"
mean = 1 3
ooLA
P20-Condon Water Balance 1999 Field Season
Water Balance Chance in Net GW NetGW
Date Period PreclDitation Evaooration TransDiration Pond Volume Inflow Inflow
(days) _ (ft') (ft') (ft') (ft') (ft') (ft'/d)
6/17-6/28 9 1000 600 1700 -1700 400 40
6/28-7/6 8 1500 500 1200 0 200 30
7/6-7/15 9 30 800 1100 -3500 1600 200
7/15-7/27 12 0 1100 2100 -3000 200 20
7/27-8/2 6 0 500 no data -4100 no data no data
8/2-8/11 9 160 0 5400 -2800 2400 300
8/11-8/19 8 500 1300 1300 -1500 600 80
8/19-8/26 7 0 400 400 -2200 1400 200
P20-Condon Water Balance 2000 Field Season
Water Balance Chance in Net GW Net GW
Date Period PreclDitation Evaooration Transpiration SW Out Pond Volume Inflow Inflow
(days) (ft') (ft') (ft') (ff) (ft') (ft') (ft /̂day)
04/30/00-05/16/00 16 500 900 2300 25200 -8300 19600 1200
05/16/00-05/23/00 7 60 800 1700 13300 -1500 14200 2000
05/23/00-06/20/00 28 3600 2400 11400 1300 -3000 8500 300
06/20/00-07/07/00 17 2000 2000 3200 2600 -3000 2800 200
07/07/00-07/25/00 18 0 2600 3000 2800 -7500 900 50
07/25/00-08/16/00 22 0 1800 5400 700 -7600 300 10
00
ON
P45-geaver Creek W^ter Balançe 1999 Field Season
Water Balancée Chanae in Net GW Net GW
Date Period PreclDitation Evaooration Transpiration Pond Volume Inflow inflow
(days) (ft') (ft') "(ft') (ft') ( f t 'J _ (ft̂ /daŷ
6/7-6/17 9 2400 5000 13100 -6600 9100 1000
6/17^/28 11 4900 100 23000 -6300 11900 1100
6/28-7/6 8 5100 0 no data -1500 no data no data
7/6-7/15 9 0 9700 12600 -12200 10100 1100
7/15r7/27 13 1300 3400 28400 -11000 19500 1500
7/27-8/2 6 0 2500 11300 -7500 6300 1000
8/2-8/11 9 30 30 16800 -7900 8900 1000
8/11.8/19 8 1000 500 8100 -3000 4600 600
8/19-8/26 7 200 2100 7200 -4600 4500 600
8/28-9/6 11 400 800 12600 -2800 10200 900
P45-Beaver Creek Water Balance 2000 Field Season
Water Balance Chanae in Net GW Net GW
Date Period Precipitation Evaporation Transpiration Pond Volijme Inflow inflow
(days) _ _ (ff) ' (ff) (ff) (ff) (ftVdayJ
06/01/00-06/23/00 22 5900 9100 37500 -15400 25300 1200
06/23/00-07/19/00 28 3200 10600 41500 -28400 20500 800
07/19/00-07/27/00 8 0 3600 11400 -10000 5000 600
07/27/00-08/18/00 20 0 4900 21700 -15600 1100 600
oo
P76-Holland Lake 1999 Field Season
Water Balance Chanae in NetGW Net GW
Date Period PreclDitation Evaporation Transpiration Pond Volume inflow inflow
(days) (ft') (ft") (ft") _ . ( f f l (ft") (ft /̂day)
6/17-6/28 11 7400 5400 29100 -900 26200 2400
6/28-7/6 8 9400 2600 23700 0 16900 2100
7/6-7/15 9 30 8600 17500 -14700 11400 1300
7/15-7/27 13 800 7600 41400 -16600 31600 2400
7/27-8/2 6 0 3400 15900 -9200 10100 1700
8/2-8/11 9 80 3600 15900 -8200 11200 1200
P76-Holland Lake Water Balance 2000 Field Season
Water Balance Chanae in NetGW NetGW
Date Period Precipitation Evaporation Transpiration Pond Volume inflow inflow
(days) (ft") (ft") (ft") (ft')_ _ (ft") (ft /̂day)
05/16/00-05/23/00 7 40 8000 9300 -6900 10400 1500
05/23/00-06/23/00 31 23500 19700 100700 -8700 88200 2800
06/23/00-07/10/00 17 6100 10500 42600 -17800 29200 1700
07/10/00-08/01/00 28 0 14300 19400 -40300 6600 200
00
oo
P90-Piper Creek Water Ba|ance 1999 Field Season
Water Balance Chanae in Net GW Net GW
Date Period Precipitation Evaporation Transpiration Pond Volume inflow inflow
(days) (ft") (ft') (ft') (ft') (ft') (ft /̂day)
6/17-6/28 11 700 1300 6900 .2400 5100 500
6/28-7/6 8 1100 300 5200 -500 3900 500
7/6-7/15 9 20 1000 no data .4100 no data no data
7/15-7/27 13 20 no data no data .3800 no data no data
7/27-8/2 6 0 no data no data .1700 no data no data
8/2-8/11 9 100 0 2400 .1200 1100 100
8/11-8/19 8 200 no data no data -500 no data no data
8/19-8/26 7 0 200 1600 -300 1500 200
8/26-9/6 11 80 60 2400 -100 2300 200
P90-Piper Creek 2000 Field Season
Date Water Balance Chanae in NetGW NetGW
Period Precipitation Ipvaporation Transpiration SW Out Pond Volume Inflow Inflow
(days) (ft') (ë ) (ff) (ff) (ff) (ft /̂day) (ft3/day)
04/08/00-04/30/00 22 3600 5600 2500 67900 -3000 69400 3200
04/30/00-05/14/00 14 800 1600 8500 43200 -4500 48000 3400
05/14/00-05/23/00 9 200 700 6900 DRY -2600 4800 500
05/23/00-06/20/00 28 3200 2000 18300 DRY -3900 13200 500
06/20/00-06/29/00 9 300 600 4600 DRY -3500 1400 200
06/29/00-07/10/00 11 800 1000 6500 DRY -3200 3500 300
07/10/00-07/17/00 7 0 700 2800 DRY -3200 300 40
07/17/00-07/27/00 10 60 900 4900 DRY -3600 2100 200
07/27/00-08/01/00 5 0 300 1600 DRY -1400 500 100
08/01/00-08/16/00 15 40 700 4000 DRY -2500 2200 100
00
Precipitation 1999 Field Season
RGc = rain gage In canopy Diameter Funnel 5.875 inches 
RGp = rain gage in pond Diameter RG 6.625 inches
np = no precipitation Area RG (using 27.11 
funnel dia.)
im
Precipitation P20 1999 Field Season
Condon P20 | Volumetric
Time Since Surface Area Input Into
Date 27-May RGn RG p RG p RGp (ht.) of Wetland Wetland
(days) (mi) _ im l) (in') (in.) ( f f ) ( f f )
5/27/99 0 15680 no data
6 /7/99 11 446 425 25.94 0.96 15374 1200
6/17-6/18/99 21 40 75 4.58 0.17 14061 200
6/28-6/29/99 32 218 307 18.73 0.69 12426 700
7/6-7/7/99 39 265 510 31.12 1.15 11669 1100
7/15-7/16/99 47 3 9 0.55 0.02 10333 20
7/19-7/20/99 51 no data no data no data no data
7/27-7/28/99 59 0 13 0.79 0.03 7786 20
8/2-8/3/99 65 0 0 0.00 0.00 5564 0.00
8/11/99 74 80 156 9.52 0.35 4210 100
8/19/99 82 334 364 22.21 0.82 3542 200
8/26/99 89 0 0 0.00 0.00 3198 0.00
9/6/99 100 94 140 8.54 0.32 2982 80
9/11/99 105 0 25 1.53 0.06 no data no data
9/17/99 111 0 0 0.00 0.00 no data no data
10/2/99 126 353 424 25.85 0.95 no data no data
VO
o
Precipitation P45 1999 Field Season
Beaver Creek P45 Volumetric
Time Since Surface Area input into
Date 27-May ROr. RG p RG p RGp (ht.) of Wetland Wetland
(days) (ml) (ml) (in") (in.) ( f f )
5/27/99 0 57063 no data
6/7/99 11 149 319 19.47 0.72 56369 3400
6/17-6/18/99 21 118 234 14.28 0.53 54657 2400
6/28-6/29/99 32 196 500 30.51 1.13 52600 4900
7/6-7/7/99 39 315 535 32.65 1.20 51298 5100
7/15-7/16/99 47 0 0 0 00 0.00 48738 0.00
7/19-7/20/99 51 No rain gage measurements 0 00 0.00 46346 no data
7 /27-7/28 /99 59 112 154 9.40 0.35 43979 1300
8/2-8/3/99 65 0 0 0.00 0.00 39286 0.00
8/11/99 74 0 5 0.31 0.01 34091 32
8/19/99 82 178 216 13.18 0.49 24732 1000
8/26/99 89 25 40 2.44 0.09 25559 190
9/6/99 100 36 99 6.04 0.22 20347 400
9/11/99 105 15 0 0.00 0.00 no data no data
9/17/99 111 0 0 0.00 0 00 no data no data
10/2/99 126 282 212 12.93 0.48 no data no data
VO
Precipitation P76 1999 Field Season
Holland Lake P76 | Volumetric
Time Since Surface Area Input into
Date 27-May RGc RGp RGp RGp (Ht.) of Wetland Wetland
(days) (ml) (ml) (irf) (in.) (ft") (ft:)
5/27/99 0 96052
6/7/99 11 276 468 28.56 1.05 96052 8400
6/17-6/18/99 21 188 264 16.11 0.59 95077 4700
6/28-6/29/99 32 355 417 25.45 0.94 93978 7400
7/6-7/7/99 39 445 535 32.65 1.20 93854 9400
7/15-7/16/99 47 0 2 0.12 4.50E-03 91783 30
7/19-7/20/99 51 no data 0.00 0.00 89018 no data
7/27-7/28/99 59 0 51 3.11 0.11 81401 800
8/2-8/3/99 65 0 0 0.00 0.00 65402 0
8/11/99 74 1 9 0.55 0.02 47951 80
8/19/99 82 180 228 13.91 0.51 34831 1500
8/26/99 89 62 162 9.89 0.36 no data no data
9/6/99 100 12 86 5.25 0.19 no data no data
9/11/99 105 np 0 0.00 0.00 no data no data
9/17/99 111 0 0 0.00 0.00 no data no data
10/2/99 126 75 140 8.54 0.32 no data no data
Precipitation P90 1999 Field Season
Piper Creek P90 | Volumetric
Time Since Surface Area Input Into
Date 27-May RGc RG p RG p RGp(ht') of Wetland Wetland
(days) (ml) (ml) (in:) (in.) ( f f ) (ft")
5/27/99 0 no data no data 18231 no data
6/7/99 11 425 446 27.22 1.00 17142 1400
6/17-6/18/99 21 45 132 8.06 0.30 15720 400
6/28-6/29/99 32 278 340 20.75 0.77 15185 1000
7/6-7/7/99 39 405 530 32.34 1.19 14981 1500
7/15-7/16/99 47 5 12 0.73 0.03 14522 30
7/19-7/20/99 51 no data no data 0.00 no data no data
7/27-7/28/99 59 0 0 0.00 0 00 13616 0.00
8/2-8/3/99 65 0 0 0.00 0.00 12420 0.00
8/11/99 74 24 78 4.76 0.18 11050 200
8/19/99 82 260 265 16.17 0.60 10010 500
8/26/99 89 0 0 0.00 0.00 8738 0.00
9/6/99 100 77 124 7.57 0.28 no data no data
9/11/99 105 0 0 0.00 0.00 no data no data
9/17/99 111 0 0 0.00 0.00 no data no data
10/2/99 126 35 106 6.46 0.24 no data no data
U)
>20 Precipitation 2000 Field Season
Condon P20 I Volumetric
Time Since Surface Area Input into
Date 4-Mar RGc RGp RGp RGp(ht.) of Wetland Wetland
(days) (ml) (ml) (in:) _ # . ) _ _ _ _ _ (ff) (ft̂ )
05/16/00 74 87 160 9.76 0.36 17794 500
05/23/00 81 14 20 122 0.05 16959 60
06/20/00 108 on ground 1180 72.01 2.66 16425 3600
07/07/00 125 450 680 41.50 1.53 15739 2000
07/25/00 143 0 0 0.00 0.00 14383 0
08/16/00 165 0 37 2.26 0.08 11877 0
09/21/00 201 445 625 38.14 1.41 no data no data
>45 Precipitation 2000 Field Season
Beaver Creek P45 | Volumetric
Time Since Surface Area Input into
Date 4-Mar RGr RGp RGp RGp (h i) of Wetland Wetland
(days) (ml) (ml) (in') (in.) (ft=) (ft=)
05/14/00 72 898 1690 103.13 3.80 60137 19100
05/23/00 81 0 2 0.12 0.00 59203 20
06/01/00 89 332 423 25.81 0.95 57925 4600
07/19/00 137 47 363 22.15 0.82 47148 3200
07/27/00 145 0 0 0.00 0.00 38394 0
08/16/00 165 0 0 0.00 0.00 26752 0
9/21/00 201 242 470 28.68 1.06 no data no data
^76 Precipitation 2000 Field Season
Holland Lake P76 1 Voiumetric
Time Since Surface Area input into
Date 4-Mar RGr RGp RGp RGp (ht.) of Wetland Wetland
(days) (ml) (ml) (in:) (in.) (ff) (ft")
04/30/00 57 960 753 45.95 1.70 102652 14500
05/16/00 74 230 260 15.87 0.59 100710 4900
05/23/00 81 0 2 0.12 0.00 99033 40
06/23/00 111 1051 1290 78.72 2.90 97108 23500
07/10/00 128 330 345 21.05 0.78 93681 6100
08/01/00 150 0 0 0.00 0.00 72254 0
08/16/00 165 0 0 0.00 0.00 no data no data
09/13/00 193 245 270 16.48 0.61 no data no data
=>90 Precipitation 2000 Field Season
Piper Creek ■ ... ................ 1 Volumetric
Time Since Surface Area input into
Date 4-Mar RGn RGp RGp RGp (ht.) of Wetland Wetiand
(days) (ml) (ml) (in") (in.) (ft=) (ft")
04/30/00 57 855 932 56.87 2.10 20720 3600
05/14/00 72 190 205 12.51 0.46 19522 800
05/23/00 81 20 60 3.66 0.14 17554 200
06/20/00 108 965 1102 67.25 2.48 15645 3200
06/29/00 117 96 119 7.26 0.27 13577 300
07/10/00 128 325 355 21.66 0.80 11782 800
07/17/00 135 0 0 9962 0
07/27/00 145 0 34 2.07 0.08 8707 60
08/01/00 150 0 0 0.00 0.00 5796 0
08/16/00 165 5 54 3.30 0.12 3957 40
09/13/00 193 490 505 30.82 1.14 no data no data
VOLA
Wetland ET Calculation P20 Condon 1999 Field Season




(ft/d) (ft2) (days) (ft3) (ft3/d)
6/17-6/28 0.015 15185 11 2606 200
6/28-7/6 0.013 14981 8 1558 200
7/6-7/15 0.014 14522 9 1830 200
7/15-7/27 0.018 13616 13 3186 200
7/27-8/2 no data 12420 6 no data no data
8/2-8/11 0.026 11050 9 2586 300
8/11-8/19 0.021 10010 8 1682 200
8/19-8/26 0.024 8738 7 1468 200
Wetland ET Calculation P45 Beaver Creek 1999 Field Season




(ft/d) (ft2) (days) (ft3) (ft3/d)
6/7-6/17 0.037 54657 9 18037 2000
6/17-6/28 0.040 52600 11 23144 2100
6/28-7/6 no data 51298 8 no data no data
7/6-7/15 0.051 48737.5 9 22297 2500
7/15-7/27 0.056 43979 13 31802 2500
7/27-8/2 0.058 39285.5 6 13750 2300
8/2-8/11 0.055 34091 9 16875 1900
8/11-8/19 0.043 24731.5 8 8574 1100
8/19-8/26 0.052 25559 7 9281 1300
8/26-9/6 0.060 20347 11 13429 1200
as
Wetland ET Calculation P76 Holland Lake 999 Field Season




(ft/d) (ft2) (days) (ft31. (ft3/d)
6/17-6/28 0.033 93978 11 34459 3133
6/28-7/6 0.035 93854 8 26279 3285
7/6-7/15 0.032 91783 9 26158 2906
7/15-7/27 0.046 81401 13 48942 3765
7/27-8/2 0.049 65402 6 19294 3216
8/2-8/11 0.045 47951 9 19420 2158
Wetland ET Calculation P90 Piper Creek 1999 F eld Season




(ft/d) (ft2) (days) (ft3) (ft3/d)
6/17-6/28 0.060 12426 11 8201 700
6/28-7/6 0.058 11669 8 5446 700
7/6-7/15 no data 10333 9 no data no data
7/15-7/27 0.061 7786 13 6174 500
7/27-8/2 0.062 5564 6 2066 300
8/2-8/11 0.063 4210 9 2392 300
8/11-8/19 0.079 3542 8 2243 300
8/19-8/26 0.078 3198 7 1735 200
8/26-9/6 0.074 2982 11 2433 200
'-J
Wetland ET Calculation P20 Condon 2DOG Field Season
Date Hydrograph Pond Area Time Period ET ET
Change (avg.) for ET
(ft/d) (ft2) (days) Jft3) _ (ft3/d)
04/30/00-05/16/00 0.011 17794 16 3203 200
05/16/00-05/23/00 0.021 16959 7 2473 400
05/23/00-06/20/00 0.030 16425 28 13797 500
06/20/00-07/07/00 0.019 15739 17 5184 300
07/07/00-07/25/00 0.022 14383 18 5663 300
07/25/00-08/16/00 0.028 11877 22 7186 300
Wetland ET Calculation P45 Beaver Creek 2000 Field Season
Date Hydrograph Pond Area Time Period ET ET
Change (avg.) for ET
(ft/d) (ft2) (days) (ft3) (ft3/d)
06/01/00-06/23/00 0.038 55180 22 46535 2100
06/23/00-07/19/00 0.043 47148 26 52099 2000
07/19/00-07/27/00 0.049 38394 8 14974 1900
07/27/00-08/16/00 0.050 26752 20 26585 1300
Wetland ET Calculation P76 Holland Lake 2000 Field Season
Date Hydrograph Pond Area Time Period ET ET
Change (avg.) for ET
(ft/d) (ft2) _ (days) (ft3) (ft3/d)
05/16/00-05/23/00 0.025 99033 7 17331 2500
05/23/00-06/23/00 0.040 97108 31 120414 3900
06/23/00-07/10/00 0.033 93681 17 53086 3100
07/10/00-08/01/00 0.017 72254 28 33719 1200
VOoo
Wetland ET Calculation P90 Piper Creek 2000 Field Season
Date Hydrograph Pond Area Time Period ET ET
Change (avg.) for ET
(ft/d) _ (ft2) (days) (ft3) (ft3/d)
04/08/00-04/30/00 0.005 22372 22 2461 0
04/30/00-05/14/00 0.037 19522 14 10078 700
05/14/00-05/23/00 0.048 17554 9 7636 800
05/23/00-06/20/00 0.046 15645 28 20339 700
06/20/00-06/29/00 0.043 13577 9 5193 600
06/29/00-07/10/00 0.058 11782 11 7560 700
07/10/00-07/17/00 0.051 9962 7 3545 500
07/17/00-07/27/00 0.067 8707 10 5805 600
07/27/00-08/01/00 0.065 5796 5 1884 400
08/01/00-08/16/00 0.079 3957 15 4705 300
VO
VO
Surface Area and Volume 1999 Field Season
Days P20 P20 P45 P45 P76 P76 P90 P90
Date Since Area ' Volume Area Volume Area Volume Area Volume
27-May (ft=) : (ft') (ft") (ft') (ft") (ft') (ft") (ft')
5/27/99 0 18231 ! 34952 57053 72734 96052 73624 15680 20629
6/7/99 11 16052 : 26598 55675 68214 96052 73624 15067 16553
6/17-
6/18/99
21 15388 ! 23769 53639 61656 94102 66018 13054 15765
6/28-
6/29/99
32 14981 1 22098 51561 55343 93854 65078 11797 13405
7/6-7/7/99 39 14981 ! 22098 51035 53804 93854 65078 11541 12938
7/15-
7/16/99
47 14063 ; 18612 46440 41614 89711 50388 9124 8813
7/19-
7/20/99
51 no data : no data 46251 41151 88325 45937 no data no data
7/27-
7/28/99
59 13169 15615 41518 30610 74476 29386 6448 5013
8/2-8/3/99 65 11671 : 11514 37053 23126 56328 20209 4680 3343
8/11/99 74 10429 ' 8749 31129 15275 39574 12031 3739 2169
8/19/99 82 9590 ! 7246 28334 12301 30037 8245 3344 1709
8/26/99 89 7885 ; 5055 22784 7686 No SW No SW . 3054 1389
9/6/99 100 No SW i No SW 17910 4840 2910 1240
o
o
Surface Area and Volume 2000 Field Season
Days P20 P20 P45 P45 P76 P76 P90 P90
Since Area Volume Area Volume Area Volume Area Volume
Date 4-Mar (ff) (R3) (ff) (ft=) (ff) (ft") (ft") (ft")
03/04/00 0 17021 30728 95812 72665 11287 12482
03/11/00 7 33538 18186
03/31/00 27 103787 106610 22432 32767
04/08/00 35 22312 32543
04/30/00 57 18431 39502 101517 96345 20720 29533
05/14/00 72 60137 82273 18323 25047
05/16/00 74 17157 31241 99902 89295
05/23/00 81 16761 29715 58268 76760 98164 82365 16784 22413
06/01/00 89 57582 74443 15500 20317
06/20/00 108 16089 26759 14505 18518
06/23/00 111 52778 58995 96052 73625
06/29/00 117 12649 14994
07/07/00 125 15388 23769
07/10/00 128 91309 55819 10914 11816
07/17/00 135 9009 8632
07/19/00 137 41518 30610
07/25/00 143 13377 16279 -
07/27/00 145 35270 20595 6500 5078
06/01/00 150 53198 15569 5091 3682
08/16/00 165 10377 8645 18324 5021 2822 1154
Volunteer Precipitation Data
June
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TeiftlNon Pierce Lake East 4300



















Start 0 0 0
data
0
Don Erickson Holland Creek East 4000



















0.2 0.1 0 0 0 0.02 0.02
5
0 0 0 0 trace
Suzanne
Vernon
-Loon Lake West 4200
data data data data data data data data data data data data
no
data data data data
Start 0 0 0 0 0 0 0.05 0 0 0 0 0 0
Anne Dahl Glacier Creek-2 
mi South of 
SEC
West 3780










data data data data
0.51 0 0 0.05 0 0 0 0 0































data data data data data
Start 0.56 0.06 no
data data
trace 0.6 0 0 0 0 0 0 0 0 0 0









data data data data data data
no














Salmon Prairie West 3500
data data
no
data data data data data data data data data data data data
Start
0.25
0.04 0.1 0 0.2 0.14 0 0.05 0 0 0.00 0 0 0 0 0
July






1 2 3 4 5 6 7 8 0 10 11 12 13 14 15 16 17 18 10 20 21 22 23 24 25 26 27 28 29 30 31
Terrtlllon Pierce Lake East 4300 0 0 0.05 0 0 0.51 0.05 0.04 0.06 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Don Erickson Holland Creek East 4000 0 0 0.01
data
0 0.62 0 0 0.06 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Suzanne
Vernon
-Loon lake West 4200 0 0 0.07 0 0 0 0.7 0.04 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Anne Dahl Glacier Creek-2  
ml South of SEC
West 3780 0 0 0.085 0 0 1.25 0.01 0.012 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Paula Clarke -2  mi West of 
SEC
East 4000 trace 0 1.2 0.03
data data




- 5  ml South of 
Condon
Center 3684 0 0 0.105 0 0 1.25 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Rod Ash Condon Loop 
Rd.




Salmon Prairie West 3500 0 0 005 0.01 0 0.68 0.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
s
August






1 2 3 4 5 6 7 8 9 to 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Tenilllon Pierce Lake East 4300 0 0 0 0.03 0 0 0 0 0 003 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 trace 0
Don Erickson Holland Creek East 4000 0 0 0 0.04 0 0 0 0 0 0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 trace 0 0 0 0 0 0 trace
Suzanne
Vernon
-Loon Lake West 4200 0 0 0 0 0 0 0 0 0 0 trace 0 0 0 0 0 0 0 0 0 0 0 0 trace 0 0 0 0 trace 0 0
Anne Dali! Glacier Creek-2 
mi Soutti of SEC
West 3780 0 0 0 0.09 0 0 0 0 0 0 0.05 0 0 0 0 0 0 0 0 0 0 0 0.005 0 0 0 0006 0 0.006 0






-5  ml. South of 
Condon
Center 3684 0 0 0 0.08 0 0 0 0 0 0 0.07 0 0 0 0 0 0 0 0 0 0 0 0 trace 0 0 0 0 trace 0 0
Rod Asti Condon Loop 
Rd.




Salmon Prairie West 3500 0 0 0 0.07 0 0 0 0 0 trace trace 0 0 0 0 0 0 0 0 0 0 0 0 trace 0 0 0 0.035 0 0.01 0
September






1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 28 27 28 29 30
Terrilllon Pierce l^ke East 4300 0.11 0.15 0.05 0 trace 0.04 0.01 rain 0 05 0 0.21 0 0.00
5




Don Erickson Holland Creek East 4000 0.11 0.15 0 trace 0 0 0 rain rain 0.28
total
0 0 0 0 0 0 0 0.01 0 0 0.21 0 0 0 0 0 0 0 0.13 0.9
Suzanne
Vernon








GROUNDWATER AND SURFACE WATER HYDROGRAPHS
104
Wetland Evapotranspiration Calculation 105
ET = 24r +/- s*Area wetia nd*S y
Sy for wetland = 1
Hvdrograoh Key
x-axis 
1 full chart = 32 days 
3 line interval = 1 day 
each line interval = 8 hour
v-axis 
1 full chart = 1 foot 
bold lines = 0.1 feet 
thin lines = 0.01 feet
1999 Field Season Hydrographs
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WATER LEVELS AND WELL SPECIFICATIONS
168
Topo: Condon Quad
SW 1/4, Sec. 18.121N. R16W
Latitude: N47' 35"




P20 Main Pond/Fully 
Instrumented 
P21 Downgradient from P20/Lilies 
P22 Upgradient from P20
Aerial:
Access:
P23 Visible from Road/Upgradient 
from P20
8/31/19922:12 USDA-F611100 1492-172 









3/4" Steel Pipe Well Specifications
Well Top of Well Total Sections Total Adjusted
Above Well
No. to Line Ground of Pipe Length Well Length
(in.) (in.) (3' (in.) (datum) (in.)
lengths)
W20-1SS 15.25 32.00 1 60 44.75
W20-1S 21.50 36.50 2 72 50.50
W20-1D 22.31 35.38 3 108 85.69
W20-2S 15.56 35.00 2 72 56.44
W20-2D 21.38 42.63 3 108 86.63
W20-3S 15.50 37.50 2 72 56.50
W20-3D 8.75 26.75 3 108 99.25
3/4" PVC Monitorina Well SDecfficaitons
Well Depth to Thickness Length Total Well
Filter of Below
No. Pack Filter Pack Ground Length
(ft.) (ft.) (ft.) (ft.)
MW20-1 2.45 5.75 8.20 10.00
MW20-2 1.90 12.30 14.20 16.00
MW20-3 6.10 4.15 10.25 12.20

























P21-P23 3/4" Steel Well Specifications










all these wells are dry, no GW data, no longer used P22-D 33.13 2 72
Wells drilled w/ Geoprobe on 6/4/00 P23-S 40.00 1 60







































MW20-5 was formerly designated MW20-1 in 1999 water level data
■<1o
P45-Beaver Creek
Topo; Cygnet Lake Quad
-SE 1/4, Sec. 18, T19N, R16W 
Latitude: N47' 23"
Longitude: W11 S' 40'
Elevation: 4240'-4260'
Aerial: line 46, 197-172
Access: Forest Service Road 9563
3/4" Steel Pipe Well Specifications 1/2" Electrical Conduit Piezometer 
Specifications
Well Top of Well Total Above Sections Total Adjusted Piezometer Length Above
Well
No. to Line Ground of Pipe Length Well Length No. Sediment
(in.) (in.) (S' lengths) (in.) (datum) (in.) (in.)
W45-1SS 20.25 34.94 1 60 39.75 MP-45-IAs 37.88
W45-1S 23.50 36.38 2 72 48.50 MP-45-1Ad
W45-1D 3.00 11.25 2 72 69.00 MP-45-B 37.38
MP-45-C 31.44
W-45-2S 10.63 36.75 2 72 61.38 MP-45-Ds 35.00
W45-2D 21.75 48.25 3 108 86.25 MP-45-Dd 33.50
MP-45-Es 39.00
W45-3S 0.00 0.00 1 36 36.00 MP-45-Ed 25.50
W-45-3D 48.50 48.50 2 108 59.50 MP-45-F 37.25
3/4" PVC Monitorina Weil Soecificaitons
Well Depth to Thickness of Length Total
Filter Below Well
No. Pack Filter Pack Ground Length
(ft.) (ft.) (ft.) (ft.)
MW45-1 3.5 3.5 7.00 8.10
MW45-2 3.2 4.1 7.30 8.20
MW45-3 6.3 4.31 10.61 11.93
MW45-4 3.87 6.03 9.90 11.49
MW45-5 3 8.89 11.89 14.00
MW45-6 na na 2.70 9.00 S te e l b la c k  pipe in s ta ll le d  o n  7/19/00
id
P76"HoHand Lake
Topo: Holland Lake Quad





Data from Shaolev. 1998 
P76
Outlet Stream No 
Hypsometric Class 3
Basin Form Class complex
3/4" Steel Pipe Well Specifications
Well Top of Well Total Above Sections Total Well Adjusted
No. to Line Ground of Pipe Length Well Length
(in.) (in.) (3’ lengths) (in.) (datum) (in.)
W-76-1SS 20.75 40.50 1 60 39.25
W-76-1S 19.63 32.25 2 72 52.38
W-76-1D 2.88 15.38 3 108 105.13
W-76-2S 15.63 35.00 2 72 56.38
W-76-2D 11.50 30.38 3 108 96.50
W-76-3S 16.25 35.50 2 72 55.75
W-76-3D 15.38 33.75 3 108 92.63
)/4" PVC Monitorina Well Soecificaitons
Well Depth to Filter Thickness of Length Total Well
Below
No. Pack Filter Pack Ground Length
(ft.) (ft.) (ft.) (ft.)
MW76-1 6.1 2.7 8.80 10.00
MW76-2 6.9 3.2 10.10 10.79
MW76-3 8.19 4.47 12.66 13.50
1/ 2*
No.
Electrical Conduit Piezometer Specifications 



















Topo; Salmon Prairie Quad




Aerial: line 42, 697-34
3/4” Steel Pipe Well Specifications
Pond
Main Pond/Fully Instrumented 
Upgradient from P90




Basin Form Class equidimensional 
1/2" Electrical Cc
Well Top of Total Sections Total Adjusted Piezometer Length Above
Well Above Well
No. to Line Ground of Pipe Length Well Length No. Sediment
(in.) (in.) (3' lengths) (in.) (datum) (in.) (in.)
W90-1SS 20.25 34.94 1 60 39.75 MP-90-IAs 37.88
W90-1S 23.50 36.38 2 72 48.50 MP-90-1Ad
W90-1D 3.00 11.25 2 72 69.00 MP-90-B 37.38
MP-90-C 31.44
W-90-2S 10.63 36.75 2 72 61.38 MP-90-Ds 35.00
W90-2D 21.75 48.25 3 108 86.25 MP-90-Dd 33.50
MP-90-Es 39.00
W90-3S 0.00 0.00 1 36 36.00 MP-90-Ed 25.50
W-90-3D 48.50 48.50 3 108 59.50 . MP-90-F 37.25
4-6 Additional wells in watershed installed (all initially had water (4/8-4/30))
Water Levels-P20 Condon Group






W20-1S W20-1D W20-2S W20-2D W20-3S W20-3D MW20-1 MW20-2 MW20-3 MW20-4
(days) (ft.) (ft.) (ft.) (ft.) (ft.) (ft.) (ft.) (ft.) (ft.) (ft.) (ft.) (ft.)
05/27/99 0 3717.09
6/7/99 11 3716.60 3714.62
6/17-6/18/99 21 3716.42 3714.62 3716.47 3714.22 3716.62 3716.50 3714.95 3716.62
6/28-6/29/99 32 3716.31 3714.84 3716.07 3716.00 3716.45 3716.54 3716.53 3716.59
7/6-7/7/99 39 3716.37 3714.93 3716.17 3712.99 3716.45 3716.52 3716.49 3716.45
7/15-7/16/99 47 3716.07 3715.26 3715.97 3715.81 3716.21 3716.29 3716.43 3716.25
7/27-7/28/99 59 3715.85 3715.32 3715.42 3715.33 3715.83 3715.86 3715.92 3715.84
8/2-8/3/99 65 3715.52 3715.27 3715.13 3715.06 3715.76 3715.62 3715.83 3715.67
08/11/99 74 3715.27 3715.16 3714.73 3714.47 3715.30 3715.27 3715.57 3715.49
08/19/99 82 3715.12 3715.10 3714.30 3714.22 3715.17 3715.07 3715.35 3715.23
08/26/99 89 3714.87 3714.74 3713.94 3713.85 DRY 3714.71 3715.07 3715.02
09/06/99 100 3714.85 DRY DRY 3713.04 DRY 3714.02 3714.74 3714.71
09/11/99 105 3714.85 DRY DRY 3712.71 DRY 3713.60 3714.58 3714.50
09/17/99 111 3714.85 DRY DRY 3712.71 DRY 3713.27 3712.78 3714.32
10/02/99 126 3714.85 DRY DRY DRY DRY DRY DRY 3713.89
11/21/99 176 3714.85 DRY 3714.24 3713.90 3715.02 DRY DRY DRY
03/04/00 280 3716.85 3714.97 3716.40 3716.17 3716.92 3716.75 3717.05 3717.18
05/16/00 354 3716.88 3716.27 3716.69 3716.85 3716.50 3717.55 3717.08 3717.17
05/23/00 361 3716.79 3716.38 3716.63 3716.87 3716.89 3716.88 3716.99 3716.94
06/20/00 388 3716.61 3716.36 3716.39 3716.41 3716.83 3716.79 3716.81 3716.76 3702.02 3702.76 3689.06 3701.53
07/07/00 405 3716.42 3716.38 3716.63 3716.87 3716.89 3716.88 3716.99 3716.94 3701.46 3703.11 3688.72 3701.68
07/25/00 423 3715.90 3715.91 3715.71 3715.52 3717.73 3717.02 3716.12 3716.97 3700.76 3702.77 3688.47 3701.51
08/16/00 445 3715.26 3715.12 3714.74 3714.37 3715.35 3715.62 3715.40 3715.42 3699.28 3702.05 3687.85 3700.88
09/30/00 489 DRY DRY DRY DRY DRY DRY DRY DRY 3702.47 3686.45 DRY DRY
LA
P21-Partially Instrumentated
Date Time since 
5/27/99
P21-Staff W21-S W21-D
(days) (ft.) __(ftj (ft.)
06/07/99 11 3706.31 3706.09 no data
6/17-6/18/99 21 3706.35 no data no data
6/28-6/29/99 32 3706.28 3706.28 no data
7/6-7/7/99 39 3706.30 3705.54 3704.76
7/15-7/16/99 47 3706.14 3705.80 3705.03
7/27-7/28/99 59 3705.89 no data no data
8/2-8/3/99 65 no data 3705.91 3705.50
08/11/99 74 3705.62 3705.96 3705.60
08/19/99 82 DRY 3706.02 3705.74
08/26/99 89 DRY 3705.86 3705.63
09/06/99 100 DRY 3705.63 3705.52
10/02/99 126 DRY 3705.55 3705.29
10/16/99 140 DRY 3705.31 3705.05
11/14/99 169 DRY 3705.03 3704.82
11/21/99 176 DRY DRY DRY
05/16/00 354 3706.57 3706.82 3706.87
05/23/00 361 3706.52 3706.79 3706.84
06/20/00 388 3706.52 3706.94 3706.86
07/07/00 405 3706.43 3706.80 3706.75
07/27/00 425 3706.04 3706.49 3706.48
08/16/00 445 3705.56 3706.05 3706.04
On
P22-Partiallv Instrumentated
Date Time since 5- 
27/99
P22-Staff W22-S W22-D
(days) (ft.) (ft.) (ft.)
06/07/99 11 3720.23 3720.45
6/17-6/18/99 21 3719.92 3720.01
6/28-6/29/99 32 3719.92 3719.74 3719.56
7/6-7/7/99 39 3719.56 3719.55 3719.65
7/15-7/16/99 47 3719.28 3719.24 3719.24
7/27-7/28/99 59 3718.80 no data no data
8/2-8/3/99 65 3718.58 DRY 3718.61
08/11/99 74 DRY DRY 3718.22
08/19/99 82 DRY DRY 3717.87
08/26/99 89 DRY DRY 3717.32
09/06/99 100 DRY DRY DRY
10/02/99 126 DRY DRY DRY
10/16/99 140 DRY DRY DRY
11/14/99 169 DRY DRY DRY
11/21/99 176 DRY DRY DRY
05/16/00 354 3721.17 3722.15 3720.25
05/23/00 361 3720.94 3720.94 3721.20
06/20/00 388 3720.27 3720.48 3720.29
07/07/00 405 3719.91 3719.92 3719.95
07/27/00 425 3719.20 DRY 3719.78
08/16/00 445 DRY DRY 3718.43
P23‘Partiallv Instrumentated
Date Time since 
5/27/00
P23 W23-S W23-D
(days) (ft.) (ft.) (ft.)
06/07/99 11 3705.30
6/17-6/18/99 21 3704.83
6/28-6/29/99 32 3704.41 3704.41 3701.94
7/6-7/7/99 39 3704.23 3704.46 3703.28
7/16-7/16/99 47 3703.72 DRY 3702.28
8/2-8/3/99 65 DRY DRY 3702.36
08/11/99 74 DRY DRY 3702.22
08/19/99 82 DRY DRY 3702.18
08/26/99 89 DRY DRY 3702.23
06/20/00 388 3706.68 no data no data
07/07/00 405 3706.04 no data no data
07/27/00 425 3704.94 no data no data




Date Time since 5/27/99 P45-Staff W45-1SS W45-1S W45-1D W45-2S W4S-2D W45-3S W45-3D MW45-1 MW45-2 MW45-3 MW45-4 MW45-5 MW45-6
(days) (ft.) (ft.) (ft.) _J ft) (ft.) (ft.) (ft.) . (ft.) (ft.) (ft.) (ft.) (ft.) (ft.) (ft.)
05/27/99 0 4241.29
06/07/99 11 4241.21 4241.51
6/17-6/18/99 21 4241.09 4241.73 4241.14 4241.17 4239.06 4238.35
6/28-6/29/99 32 4240.97 4241.25 4240.99 4241.09 4241.17 4240.73
7/6-7/7/99 39 4240,94 4241.23 4240.97 4241.19 4241.13 4241.09 4240.62 4240.51
7/15-7/16/99 47 4240.69 4241.02 4240.66 4240.74 4240.87 4240.85 4240.13 4240.13
7/27-7/28/99 59 4240.44 4240.84 4240.17 4240.17 4240.68 4240.67 4239.74 4239.76 4225.09 4220.09 4215.41 4228.45 4228.83
8/2-8/3/99 65 4240.25 4240.61 4239.72 4239.41 4240.63 4239.34 4237.37 4237.45 4224.39 4219.11 4215.04 4222.95 4228.33
08/11/99 74 4240.02 DRY 4239.26 4239.26 4240.13 4240.08 DRY 4238.80 4223.54 4218.86 4214.35 4216.80 4227.72
08/19/99 82 4239.92 DRY 4239.06 4239.09 4240.01 4240.07 DRY 4238.57 4223.16 4218.73 4213.99 4210.34 4227.42
08/26/99 89 4239.74 DRY DRY 4238.77 4239.78 4239.75 DRY 4238.02 4222.70 4218.63 4213.46 4203.44 4226.99
09/06/99 100 4239.60 DRY DRY 4238.44 4239.63 4239.49 DRY DRY DRY 4218.06 4212.80 4195.91 4226.71
09/17/99 111 4238.45 DRY DRY 4237.89 4239.03 4239.35 DRY DRY DRY 4218.18 4212.46 4188.03 no data
10/02/99 126 4238.45 DRY DRY 4237.53 DRY 4239.40 DRY DRY DRY 4218.05 4212.11 4179.41 4226.35
11/21/99 176 4238.45 DRY DRY 4238.22 4239.36 4239.37 DRY DRY DRY 4217.80 4211.27 4170.41 4225.99
03/11/00 287 4240.11 DRY 4240.25 4240.21 4240.27 no data no data 4240.03 DRY 4217.99 4211.15 4160.92 4225.62
05/14/00 352 4241.47 4241.62 4241.53 4241.53 4241.77 4241.68 4241.18 4240.18 4227.88 4223.75 4240.59 4230.56 4231.89
05/23/00 361 4241.36 4241.56 4241.40 4241.41 4241.58 4241.99 4241.05 4241.07 4227.68 4224.03 4240.90 4230.07 4230.54
06/01/00 369 4241.32 4241.10 4241.36 4241.41 4241.51 4241.53 4241.00 4240.97 4227.49 4223.80 4240.44 4230.01 4230.64
06/23/00 391 4241.04 4241.20 4241.06 4241.07 4241.24 4241.20 4240.80 4240.78 4227.13 4222.93 4240.11 4229.68 4230.08
07/19/00 417 4240.44 4240.65 4240.26 4240.11 4240.68 4240.54 4239.65 4239.75 4224.51 4220.69 4239.45 4228.26 4228.49
07/27/00 425 4240.18 4240.36 4239.53 4239.56 4240.31 4240.29 4239.14 4239.14 4223.73 4219.81 4239.20 4227.64 4227.93 4236.47
08/16/00 445 4239.61 DRY DRY 4238.39 4239.50 4239.56 DRY DRY DRY 4218.54 4238.47 4225.88 4226.47 4237.62
09/21/00 481 DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY 4236.87 4223.68 4224.50 4236.96
09/30/00 490 DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY 4236.63 4223.35 4223.99 4236.96
VO
P76-Holland Lake






W76-1S W76-1D W76-2S W76-2D W76-3S W76-3D MW76-1 MW76-2 MW76-3
(days) (ft.) . Jft.) (ft.) (ft.) (ft.) (ft.) (ft.) (ft.) (ft.) (ft.) (ft.)
05/27/99 0 4294.66
06/07/99 11 4294.66 4293.57
6/17-6/18/99 21 4294.58 DRY 4294.45 4294.29
6/28-6/29/99 32 4294.57 DRY 4294.88 4292.35 4294.27 4294.42 4294.41 4290.54
7/6-7/7/99 39 4294.58 DRY 4294.68 4290.83 4295.34 4294.42 4294.49 4290.72
7/15-7/16/99 47 4294.41 4293.57 4294.55 4291.85 4294.17 4294.30 4294.50 4291.40
7/27-7/28/99 59 4294.16 4294.32 4293.71 4292.65 4293.95 4293.83 4294.10 4292.12 4289.47 4286.10 4270.59
8/2-8/3/99 65 4294.02 4293.73 4293.34 4293.15 4293.65 4293.66 4293.93 4292.34 4289.49 4285.80 4271.76
08/11/99 74 4293.85 4293.73 4292.98 4292.87 4293.38 4293.34 4293.65 4292.65 4290.10 4285.96 4274.33
08/19/99 82 4293.74 4293.70 4292.86 4292.94 4293.18 4293.17 4293.64 4292.99 4289.75 4285.73 4273.51
08/26/99 89 DRY DRY 4292.72 4292.86 4292.90 4292.82 4293.32 4292.92 4291.82 4285.54 4274.95
09/06/99 100 DRY DRY 4292.43 4292.66 4292.58 4292.54 4293.06 4292.87 4289.75 4285.49 4276.41
09/11/99 105 DRY DRY DRY 4292.58 4292.27 4292.17 4293.97 4292.90 4289.57 4285.06 4276.72
09/17/99 111 DRY DRY DRY 4289.56 DRY 4291.89 DRY 4292.97 4289.09 4285.11 4277.01
10/02/99 126 DRY DRY DRY 4289.86 DRY 4292.05 DRY 4290.50 4289.00 4284.75 4276.65
11/21/99 176 DRY DRY DRY DRY DRY DRY DRY DRY 4288.71 4284.10 4275.75
03/04/00 280 4294.65 DRY 4294.88 4294.42 4294.30 4294.39 4294.49 4294.34 4289.26 4287.98 no data
03/31/00 307 4294.99 4293.95 4295.11 4294.73 4294.72 4294.70 4294.93 4294.60 4294.54 4288.13 4279.47
05/16/00 354 4294.89 4293.72 4294.94 4293.34 4294.54 4294.56 4294.77 4292.19 4292.01 4287.33 4276.86
05/23/00 361 4294.82 no data no data no data 4294.51 4294.56 4294.71 4292.64 4291.80 4287.00 4277.85
06/23/00 391 4294.75 4294.11 4294.80 4294.48 4294.41 4294.50 4294.63 4294.05 4291.28 4286.52 4278.56
07/17/00 415 4294.66 4294.15 4293.90 4294.53 4294.27 4294.34 4294.37 4294.19 4290.93 4286.17 4278.80
08/01/00 430 4294.47 DRY 4293.06 4292.68 4293.51 4293.45 4293.90 4292.63 4290.68 4285.89 4275.60
08/16/00 445 4293.99 DRY 4292.56 4292.07 4292.40 4292.61 4292.92 4291.37 4290.34 4285.46 4275.34
09/13/00 473 DRY DRY DRY DRY DRY DRY DRY DRY 4289.71 4284.74 4275.82






P90-Staff W90-1SS W90-1S W9Q.1D W90-2S W90-2D W90-3S W90-3D MW90-1
(days) (ft.) (ft.) (ft.) (ft.) (ft.) (ft.) (ft.) (ft.) (ft.)
06/27/99 0 3521.08
06/07/99 11 3521 0'1
6/17-6/18/99 21 3520.74 3520.87 3520.96 3519.87 3519.773 3520.65
6/28-6/29/99 32 3520.55 3520.76 3520.78 3520.78 3520.703 3520.7 3520.7
7/6-7/7/99 39 3520.51 3520.63 3520.65 3521.27 3520.703 3520.7 3520.57 3520.6
7/15-7/16/99 47 3520.11 3520.20 3520.29 3520.21 3520.283 3520.28 3520.06 3520.09
8/2-8/3/99 65 3519.32 DRY 3519.02 3519.34 3519.133 3519.29 3518.87 3518.93
08/11/99 74 3519.04 DRY DRY 3518.27 3521.533 3518.29 3515.7 3519.05
08/19/99 82 3518.91 DRY DRY 3517.87 DRY 3518.84 DRY 3518.07
08/26/99 89 3518.81 DRY DRY 3517.02 DRY 3517.61 DRY 3517.36
09/06/99 100 3518.76 DRY DRY DRY DRY DRY DRY DRY
09/17/99 111 3518.43 DRY DRY DRY DRY DRY DRY DRY
10/02/99 126 3518.43 DRY DRY DRY DRY DRY DRY DRY
11/21/00 176 3518.43 DRY DRY 3519.00 DRY 3516.67 DRY DRY
03/04/00 280 3520.47 3520.59 3520.59 3519.83 3520.61 3520.62 no data 3520.77
03/11/00 287 no data 3521.40 3521.48 3521.44 3521.42 3521.42 no data 3521.49
03/31/00 307 3521.72 3521.88 3521.98 3521.94 3521.99 3521.93 no data 3521.94
04/30/00 337 3521.57 3521.87 3521.67 3521.75 3521.82 3521.85 no data 3521.64
05/14/00 352 3521.34 3521.48 3521.54 3521.65 3521.65 3521.66 no data 3521.56
05/23/00 361 3521.19 3521.31 3521.33 3521.36 3521.37 3521.34 no data 3521.31
06/01/00 369 3521.06 3521.18 3521.18 3521.22 3521.22 3521.26 no data 3521.22
06/20/00 388 3520.94 3521.04 3521.06 3521.21 3521.12 3521.19 3520.92 3521.05 3510.84
06/29/00 397 3520.68 3520.79 3520.82 3520.89 3520.85 3521.22 3520.74 3520.86 3510.67
07/17/00 415 3520.09 3520.13 3520.12 3520.11 3520.94 3520.19 3519.98 3520.11 3508.44
08/01/00 430 3519.39 3519.28 3519.28 3519.26 3519.323 3519.42 3518.98 3519.07 3505.84






Quality Assurance/Oualitv Control W ater Sampling Procedure for W a te r  Samples 
taken from Wetlands and Surrounding Flow Systems Containing W ater Howellia
Water samples w ill be taken from 3 sources for Howellia project:
1) surface-water from wetland
2) 3/4" black steel well nests on shoreline
3) 3/4" pvc wells drilled in surrounding flow system w/ a Geoprobe Rig
A ll wells were developed after installation using a peristalic pump and plastic tubing 
Water Sampling
1) AJl wells prior to having water extracted for chemical analysis w ill be purged at 1 
week prior to sampling. This is done to ensure a sample that is representative of the 
groundwater chemistry and to eliminate any chemical reactions with the groundwater and 
the well that may alter ionic concentrations. The reason for the 1 week time period 
between purging the wells and sampling is due to the low hydraulic conductivity of the 
glacial till. It takes at least a 7 days for the water level in the wells to recover after being 
pumped.
2) A ll samples are taken using a peristalic pump with plastic tubing to bring the water 
from the well to the surface. A ll samples w ill be filtered in the field using a new 0.45 
micron filter for each sample. Filtering w ill result with a sample contaming only 
dissolved constituents less than 0.45 micrometers. Between each sample the plastic 
tubing w ill be rinsed using M illi-Q  water to avoid cross contaminating samples. A  blank 
sample consisting of M illi-Q  water run through the tubing w ill give a background
184
concentration of the M illi-Q  water and any contamination of the sample hy the plastic 
tubing.
3) Samples from the same sampling location w ill be put into separate containers (bottles) 
depending on what type of analyses is desired. The cations w ill be acidified with nitric 
acid (HNO3) to avoid any chemical reactions that w ill alter the results of the analysis. All 
samples w ill be put in a clean cooler filled with ice to minimize any reactions involving 
organics that may occur between the time the sample was collected and the transport time 
to the laboratory. A ll samples w ill be analyzed in a time allowance that w ill not exceed 
the holding time for any test.
4) A ll analyses of water samples from each wetland and groundwater from wells located 
on shore and the pvc wells in the surrounding flow system will be analyzed for major 
cations and anions, alkalinity, organic carbon, and inorganic carbon. A ll analyses will be 
performed at the Murdock Environmental Laboratory located on the third floor of the 
Science Complex on the campus of the University of Montana. Cations concentrations 
will be determined using ICP-ES (inductively coupled plasma emission spectroscopy).
An automated ion chromatograph wil be used to analyze anions. Inorganic and organic 
carbon concentrations w ill be measured using a TOC carbon analyzer. A ll analyses of all 
water samples w ill be compared with standard concentrations with measured 
concentrations o f standards to ensure quality assurance and quality control of all 
measured constituents. At least one sample site w ill be have 3 samples collected in order
185
to check for error in methodology. Results from all analyses w ill be statistically 
measured for error in both methology of the collection of the water samples and the 
instrumentation error.




Date (days) Pond 45 Pond 76 Pond 20 Pond 21 Pond 22 Pond 23 Pond 90 Pond 91
5/27/99 0 No Geochemical measurements
6/7/99 11 7.11 7.01 7.68 7.42 7.64 7.42 6.57 7.05
6/17-6/18/99 21 7.43 6.30 7.29 7.02 6.96 7.00 7.24 7.15
6/28-6/29/99 32 6.60 5.98 6.82 6.48 6.66 6.66 7.01 6.72
7/6-7/7/99 39 6.94 6.17 6.66 6.56 6.57 6.56 7.22 6.87
7/15-7/16/99 47 No Geochemical measurements
7/19-7/20/99 51 6.77 6.20 ND ND ND ND ND ND
7/27-7/28/99 59 6.75 6.07 6.72 6.39 6.60 DRY 6.94 6.72
8/2-8/3/99 65 6.60 5.97 6.41 6.30 6.44 7.19 ND
8/11/99 74 6.30 DRY 6.50 DRY 6.48 7.02 6.70
8/19/99 82 6.50 6.62 6.53 7.20 6.25
8/26/99 89 6.71 6.80 6.42 7.28 6.69
9/6/99 100 No Geochemica measurements-dead battery for pH meter/ conductivity meter not working
9/11/99 105 ND DRY DRY DRY
9/17/99 111 7.41 6.87
ooOs




Date (days) Pond 45 Pond 76 Pond 20 Pond 21 Pond 22 Pond 23 Pond 90 Pond 91
03/04/00 0 no data 5.74 no data no data no data no data 6.75 no data
03/11/00 7 5.62 no data no data no data no data no data no data no data
03/31/00 27 no data 5.55 no data no data no data no data 6.09 no data
04/30/00 57 no data 6.03 no data no data no data no data 6.78 no data
05/14/00 72 6.45 no data no data no data no data no data 6.48 no data
05/16/00 74 no data no data no data no data no data no data no data no data
05/23/00 81 6.54 6.86 6.33 6.81 6.47 6.50 6.46 no data
06/01/00 89 7.36 no data no data no data no data no data no data no data
06/20/00 108 no data no data 6.74 6.56 6.41 5.65 no data no data
06/23/00 111 6.67 5.71 no data no data no data no data no data no data
06/29/00 117 no data no data no data no data no data no data 6.97 no data
07/07/00 125 no data no data 6.35 6.44 6.42 6.68 no data no data
07/10/00 128 no data 6.18 no data no data no data no data 6.91 no data
07/17/00 135 no data no data no data no data no data no data 6.78 no data
07/19/00 137 6.38 no data no data no data no data no data 6.38 no data
07/25/00 143 no data no data 6.31 6.11 5.95 6.19 no data no data
07/27/00 145 6.13 no data no data no data no data no data 7.04 no data
08/01/00 150 no data 6.22 no data no data no data no data 6.54 no data
08/16/00 165 6.96 no data 7.41 6.41 6.80 6.88 7.71 no data
09/13/00 193 no data DRY-no SW no data no data no data no data DRY-no SW DRY-no SW
09/21/00 201 DRY-no SW no data 7.97 DRY-no SW 7.1 DRY-no SW no data no data
oo
Specific Conductance Data
1999 and 2000 Field Seasons
Time
Since
Pond 45 Pond 76 Pond 20 Pond 21 Pond 22 Pond 23 Pond 90 Pond 91





















05/27/99 0 70 45 40 52 72 42 260 70
06/07/99 11 100 52 84 42 54 42 200 100
6/17/99 21 38 59 84 60 40 34 140 76
6/28/99 32 20 40 83 54 50 39 187 62
7/7/99 39 70 66 90 66 59 ND 160 ND
7/16/99 47 No Geochemical measurements
7/19 51 92 64 ND ND ND ND NA ND
7/28/99 59 64 24 86 82 18 DRY 180 92
8/2 65 74 93 80 64 49 200 ND
08/11/99 74 60 DRY 86 DRY 40 180 43
08/19/99 82 73 93 48 200 84
08/26/99 89 88 64 54 200 80
09/06/99 100 No Geochemical measurements-dead battery for pH meter/ conductivity meter not working
09/11/99 105 ND 78 DRY DRY DRY
09/17/99 111 90 71
03/04/00 0 no data 52 56 no data no data no data 69 no data
03/11/00 7 32 no data no data no data no data no data no data no data
03/31/00 27 no data 38 no data no data no data no data 86 no data
04/30/00 57 no data 46 58 no data no data no data 120 no data
05/14/00 72 76 no data no data no data no data no data 210 no data
05/16/00 74 no data no data no data no data no data no data no data no data
05/23/00 81 92 92 73 68 26 53 200 no data
06/01/00 89 126 no data no data no data no data no data no data no data
06/20/00 108 no data no data 66 60 50 40 180 no data ^
06/23/00 111 88 56 no data no data no data no data no data no data
06/29/00 117 no data no data no data no data no data no data 190 no data
07/07/00 125 no data no data 70 54 45 42 no data no data
07/10/00 128 no data 68 no data no data no data no data 200 no data
07/17/00 135 no data no data no data no data no data no data 180 no data
07/19/00 137 80 no data no data no data no data no data no data no data
07/25/00 143 no data no data 50 66 45 42 no data no data
07/27/00 145 93 no data no data no data no data no data 200 no data
08/01/00 150 no data 150 no data no data no data no data 200 no data
08/16/00 165 84 DRY 92 80 50 38 236 105
09/13/00 193 no data DRY-no SW no data no data no data no data DRY-no SW DRY-no SW
09/21/00 201 DRY-no SW no data 93 DRY-no SW 39 DRY-no SW no data no data
geochemica measurements taken for P76 on 8/1 represent pore water concentrations since there was no standing free water
oo
P20, P45, P76 Water Chemistry Results 8-19-99
Sample Name Ca K Mg Mn Na S F 01 304
PQL 0.07 0.1 0.05 0.003 0.18 0.007 0.1 0.05 0.5
Field Blank 0.6708 0.199 0.1679 0.0049 0.2809 0.0158 <PQL 1.50 <PQL
P20-SW 6.296 2.45 2.433 0.0072 1.856 0.2023 <PQL 0.99 <PQL
P45-SW 9.082 0.7645 3.049 0.0051 1.36 0.33 <PQL 0.24 <PQL
W45-1D 12.26 0.1934 4.464 0.1125 1.827 0.3049 0.12 0.66 <PQL
MW45-3 41.38 1.415 12.01 0.1769 1.797 0.5889 0.16 0.62 2.42
MW45-4 44.84 3.065 14.04 0.3612 2.625 0.5886 0.12 1.45 2.34
W76-2D 74.66 0.7812 15.3 0.6902 6.625 0.19 0.30 1.53 <PQL
MW76-2 40.49 3.387 15.86 1.418 35.95 0.5001 0.31 1.39 2.13
P20 Water Chemistry Results 6/19/00
Sample Name A! Ca K Mg Mn Na S F 01 80^ Alkalinitv Specific
Practical Quantifiable 
Limit (mg/L)
0.007 0.07 0.1 0.05 0.0003 0.18 0.007 0.1 0.1 0.5 (mg/l) CaCO, Conductance fiH
BLANK 1 BPQL BPQL BPQL BPQL 0.0009 BPQL 0.012 BMDL BMDL BMDL (micromhos/cm)
BLANK 2 0.018 BPQL BPQL BPQL 0.0015 BPQL 0.013 BMDL BMDL BMDL
P21-SW 0.028 6.46 1.3 2.79 0.0068 1.35 0.211 BMDL BMDL BMDL 28 68 6.81
P22-SW 0.180 5.22 1.5 1.80 0.0179 1.35 0.258 BMDL 0.45 0.26 22 26 6.47
P23-SW 0.081 4.05 1.8 1.47 0.0054 1.22 0.413 BMDL 0.36 0.93 21 53 6.50
P20-SW1 0.048 7.36 1.1 2.49 0.0184 1.34 0.213 BMDL 0.37 BMDL 32 62 6.78
P20-SW1 0.051 7.22 1.0 2.45 0.0202 1.17 0.211 BMDL 0.42 BMDL 31 62 6.66
W20-1SS BPQL 8.01 1.0 2.88 0.3427 2.38 2.818 BMDL 1.24 11.20 44 91 6.85
W20-1S BPQL 7.35 0.5 2.92 0.3799 1.70 0.771 0.17 0.63 2.49 38 87 6.93
W20-1D BPQL 6.52 0.8 2.31 0.3584 1.05 0.672 0.18 0.65 1.98 32 67 6.83
W20-2S BPQL 7.91 1.1 3.31 0.6206 2.04 1.146 BMDL 1.06 3.61 40 82 6.45
W202D BPQL 11.73 1.6 4.30 0.3705 2.36 0.944 0.10 0.85 2.69 62 150 6.64
W20-3S BPQL 5.13 1.3 2.02 0.6387 1.56 0.358 0.22 0.82 0.84 30 83 6.45
W20-3D BPQL 4.41 0.7 1.93 0.4607 1.29 0.172 BMDL 0.47 BMDL 22 no data no
data
'O
P45 Water Chemistry Results 6/12/00
Sample Name AI Ba Ca Fe K Mg Mn Na 8 F Cl SO. Alkalinity Specific
Practical Quantifiable 
Lim it (mg/L)
0.007 0.0002 0.07 0.005 0.1 0.05 0.0003 0.18 0.007 0.1 0.1 0.5 (mg/n Conductivity pH
CaC03
BLANK 1 BPQL 0.0003 0.07 BPQL BPQ
L
BPQL 0.0014 0.19 0.012 BMDL BMDL BMDL (micromhos/cm)
P45-SW 0.019 0.0359 10.81 0.041 1.1 3.25 0.0154 0.81 0.369 BMDL 0.42 BMDL 50 66 7.36
W45-1S 0.122 0.0572 11.20 35.270 0.2 3.70 0.3424 1.91 0.286 0.10 0.71 BMDL 102 160 6.33
W45-1D 0.022 0.0470 9.89 18.030 0.1 3.24 0.3398 1.25 0.329 BMDL 0.51 BMDL 68 110 6.59
W45-2S BPQL 0.1356 41.87 1.334 1.6 13.32 2.0090 1.68 1.062 0.28 1.48 1.68 162 280 6.98
W45-2D BPQL 0.1351 35.11 0.020 1.4 12.54 0.8165 1.31 1.039 0.32 0.67 2.14 137 250 7.55
W45-3S BPQL 0.0382 13.58 0.028 0.3 7.61 0.4173 2.73 0.887 BMDL 0.87 2.35 76 160 7.44
W45-3D BPQL 0.0626 23.39 8.908 0.9 10.56 0.6101 2.76 0.495 BMDL 1.01 0.55 128 230 6.71
MW45-1 0.029 0.0510 14.65 0.037 1.1 4.79 0.0068 4.93 0.784 BMDL 0.51 1.90 84 140 7.07
MW45-2 BPQL 0.1080 41.08 0.005 3.2 12.06 0.0323 4.19 2.697 BMDL 0.54 7.53 164 300 7.38
MW45-3 BPQL 0.1239 40.36 BPQL 0.7 12.30 0.0056 0.53 1.068 BMDL 0.29 2.15 152 280 7.68
MW45-4 BPQL 0.1450 50.17 BPQL 1.4 14.61 0.0138 0.70 1.310 BMDL 0.25 2.85 180 360 7.75
MW45-5 BPQL 0.1942 73.34 0.024 2.1 22.43 0.9109 2.05 1.186 0.30 1.03 1.52 258 520 7.57
VOK)
P76 Water Chemistry Results 5/23/00
Sample Name Ca K Mg Mn Na S F Cl SO. Alkalinity Specific
Practical Quantifiable 
Limit (mg/L)
0.07 0.1 0.05 0.0003 0.18 0.007 (mg/U Conductance pH
CaCOS
BLANK 1 BPQL BPQL BPQL 0.0009 BPQL 0.012 BPQL BPQL BPQL (micromhos/cm)
BLANK 2 BPQL BPQL BPQL 0.0015 BPQL 0.013 BPQL BPQL BPQL
P76-SW 6.04 3.3 1.70 0.0146 1.64 0.288 BMDL 0.73 BMDL 36 58 6.86
W76-1S 13.58 0.8 2.83 0.2996 2.39 0.622 0.20 1.42 1.48 58 98 6.84
W76-1D 36.58 0.9 9.73 0.6720 6.95 0.405 0.86 0.63 BMDL 147 220 7.03
W76-2S 18.79 0.4 5.02 0.3860 6.22 0.762 BMDL 0.78 1.43 76 160 6.86
W76-2D 73.74 0.4 16.17 0.8087 6.07 1.075 0.21 1.14 BMDL 230 540 6.66
W76-3S 16.87 0.8 5.89 0.3923 8.97 1.203 BMDL 0.99 3.42 100 200 6.98
MW76-1 11.52 1.3 4.67 0.0168 32.33 0.680 1.15 1.24 1.69 139 280 7.71
MW76-2 30.51 1.5 12.26 1.1890 23.68 0.571 0.13 0.57 0.96 182 350 7.03
MW76-3 25.82 1.3 7.62 0.2555 60.88 0.605 0.32 1.38 0.61 182 440 7.25
VDU>
P90 Water Sampling Results 4-30-00
Sample Name AI Ca K Mg Mn Na S F Cl SO, Alkalinity Specific
Practical Quantifiable 
Lim it (mg/L)
0.007 0.07 0.1 0.05 0.0003 0.18 0.007 0.10 0.10 0.50 (malW CaC03 Conductance




BPQL 0.43 BPQL 0.07 0.0047 0.18 0.024 BMDL BMDL BMDL
P90-SW2 043000 0.017 26.22 1.2 3.71 0.0117 0.74 0.527 BMDL 0.33 0.75 92 160
P90-SW2 DUP 
043000
0.018 25.75 1.2 3.71 0.0110 0.67 0.516 BMDL 0.32 0.77 53 160
W90-1SS 043000 BPQL 21.45 1.2 4.60 0.1031 2.22 1.406 BMDL 1.98 4.24 97 no data
W90-1S 043000 BPQL 42.50 0.7 6.96 0.1901 2.46 1.441 0.16 1.15 3.41 85 280
W90-1D 043000 BPQL 26.74 1.7 6.95 0.3081 2.56 1.107 BMDL 1.11 2.76 192 200
W90-2S 040200 BPQL 28.58 0.8 5.34 0.3371 1.60 0.768 BMDL 0.61 1.38 109 200
W90-2D 043000 BPQL 37.16 0.9 6.13 0.4431 1.56 0.825 BMDL 0.52 1.37 360
W90-3D 043000 BPQL 36.84 1.3 3.88 0.1429 2.33 1.056 BMDL 1.10 2.20 123 225
W-SW OUT 043000 BPQL 16.85 4.2 2.75 1.3220 1.96 0.922 BMDL 1.56 1.78 150
P20 Water Chemistry Results 8/16/00
Sample Name Ca K Mg Mn Na S F Cl SO, Alkalinitv Specific
Practical Quantifiable 
Limit (mg/L)
0.07 0.1 0.05 0.0003 0.18 0.007 0.1 0.1 0.5 fma/1 Conductan fiH
ICaCO, ce
Field Blank <0.05 <0.5 <0.1 0.0014 <0.05 0.0037 <0.1 <1 <0.5 (micromhos/cm)
P20-SW 9.822 2.626 3.193 0.0277 1.779 0.234 <0.1 1.01444 <0.5 87 92 7.41
P21-SW 3.603 2.342 2.278 0.0158 1.085 0.2454 <0.1 <1.0 <0.5 31 80 6.41
P22-SW 4.306 2.446 1.221 0.008 0.9931 0.241 <0.1 <1.0 <0.5 33 50 6.80
W20-1D 4.521 0.8689 1.438 0.3833 1.143 0.2591 <0.1 <1.0 <0.5 35 110 6.73
W20-2D 7.144 1.463 1.909 0.635 1.496 0.1946 0.68780 1.42728 <0.5 47 110 6.75
W20-3S 6.242 1.172 2.322 1.401 1.188 0.2205 0.42397 <1.0 <0.5 47 120 6.36
W20-3D 8.565 1.092 3.382 0.3192 1.75 0.2614 <0.1 <1.0 <0.5 53 120 5.84
MW20-1 62.94 11.16 20.01 1.703 8.245 2.264 0.89 4.13 1.93 265 520 7.25
MW20-2 77.34 7.281 29.25 5.497 13.21 2.671 0.29 4.26 5.07 255 520 7.43
MW20-3 61.69 10.11 18.25 0.6658 10.62 4.646 0.69 6.18 5.38 317 600 7.35
LA
P45 Water Chemistry Results 8/16/00
Sample Name AI Ca K Mg Mn Na S F Cl SO, Alkalinitv Specific
Practical Quantifiable 
Limit (mg/L)
0.007 0.070 0.100 0.050 0.000 0.180 0.007 0.10 0.10 0.50 (mg/l) Conductanc
CaC03 e
Field Blank <0.005 <0.05 <0.5 <0.1 0.0014 <0.05 0.0037 <0.1 <1 <0.5 (micromhos/
_ __cm_l
P45-SW 0.051 10.770 1.326 3.739 0.007 1.264 0.452 <0.1 <1.0 0.50 47 84
Seepage Meter 45-5 0.017 11.06 0.809 3.52 0.0015 1.073 0.2746 <0.1 <1.0 <0.5 64.4 100
W45-1D 0.170 13.150 <0.5 4.657 0.175 1.725 0.467 0.37 1.07 <0.5 80 180
W45-2D 0.002 19.77 1.900 7.897 0.7483 2.465 0.3915 0.6878 1.4272
8
<0.5 100.8 200
MW45-3 8/16/00 <0.005 40.38 0.963 11.45 0.1412 1.378 1.121 0.1085 <1.0 2.5358 152.4 300
MW45-4 8/16/00 <0.005 46.24 1.512 13.67 0.0749 1.827 1.194 0.2636 <1.0 2.6468 184.4 320
MW45-5 6/18/00 <0.005 75.01 2.336 22.39 0.7841 3.821 0.919 0.3282 1.6380 0.8133 268.8 500
MW45-6 8/16/00 <0.005 19.250 4.475 5.479 0.402 2.182 2.187 <0.1 1.6827 5.4503 103.2 240
Beaver Creek 0.011 11.730 <0.5 4.579 0.001 1.272 0.358 <0.1 <1.0 0.8215 n/a n/a
DW-1 0.0019 11.88 2.126 19.92 0.0007 3.784 0.6782 0.3005 1.1613 2.0469 125 240
DW-2 <0.005 37 1.102 15.39 0.0114 7.344 0.7454 0.1637 <1 1.7431 185 350
DW-3 0.0005 40.38 1.571 24.95 0.0004 5.853 1.122 0.1701 1.0996 2.9515 245 420
P76 Water Chemistry Results 8/16/00
Sample Name Ca K Mg Mn Na S F Cl SO, Alkalinitv Specific
Practical Quantifiable 
Limit (mg/L)





FIELD BLANK <0.05 <0.5 <0.1 0.001 <0.05 0.004 (micromhos/cm)
W76-1D 47.1 2.448 15.31 0.8295 13.9 0.7888 1.20 2.65 0.85 198 400 7.16
W76-2D 82.93 <0.5 15.12 0.6549 8.164 1.349 0.33 3.42 <0.5 260 500 6.48
W76-3D 37.51 1.599 10.03 2.024 15.94 0.8724 0.71 1.89 1.31 153.6 200 6.95
MW76-1 39.74 2.03 14.8 0.2582 71.97 1.646 1.14 3.28 4.03 302.8 580 7.39
MW76-2 41.73 2.324 15.47 1.616 37.58 0.9137 0.316373 1.5575 1.96311 250.8 480 7.12
MW76-3 29.23 1.6 7.823 0.2448 70.14 0.4411 0.502568 1.753 0.700736 244 440 7.36
DW-4 38.5 0.5272 8.345 <0.0005 1.112 1.111 <0.1 <1 2.88487 175 260 7.41
DW-5 39.68 0.5748 8.813 <0.0005 1.242 1.09 0.107022 <1 2.77974 170 260 7.23
P90 Water Chemistry Results 8/16/00
Sample Name Ca K Mg Mn Na 8 F Cl SO, Alkalinitv Specific
Practical Quantifiable 
Lim it (mg/L)
0.07 0.1 0.05 0.0003 0.18 0.1 0.1 0.05 (mq/1)
CaCO,
Conductance pH
FIELD BLANK <0.05 <0.5 <0.1 0.001 <0.05 0.004 (micromhos/cm)
P90-SW 36.16 6.072 5.583 0.0039 2.219 0.5326 0.12215 1.19226 <0.5 117.6 220 7.25
P91-SW 15.02 3.836 3.078 0.0103 1.232 0.3322 <0.1 <1.0 <0.5 62.4 130 7.22
P90-Seepage Meter 10 76.26 18.38 10.66 0.0062 3.522 0.839 <0.1 3.80478 <0.5 no data no data no
data
P90-Seepage Meter 11 69.66 19.55 9.815 0.0019 3.341 0.7364 0.1541 3.79202 <0.5 no data no data no
data
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Permeameter Tests










Change in Head Hydraulic Conductivity Hydraulic
Conductivity





10.80 02/04/01 11:00 02/05/01 5:15 48.75 2.90 2.76E-06 7.8E-03
10.80 02/05/01 5:15 02/07/01 7:30 50.25 3.81 3.04E-06 8.6E-03
P20 Wetland 38.42 could not seal permeameter-no data
38.42 could not seal permeameter-no data
P45
Watershed
9.53 03/01/01 4:15 03/01/01 4:21 0.10 9.53 1.89E-03 5.30
9.53 03/01/01 4:24 03/01/01 4:31 0.12 5.08 1.30E-03 3.70
P45 Wetland 44.13 03/07/01 3:30 03/12/01 8:00 16.50 16.19 6.21 E-05 0.18
44.13 03/12/01 8:00 03/13/01 8:00 24.00 1.91 1.81E-05 0.05
P76
Watershed
9.53 02/11/01 4:30 02/13/01 7:30 51.00 9.75 3.74E-06 1.1E-02
9.53 02/28/01 4:30 03/01/01 4:00 23.50 19.37 9.86E-06 2.8E-02
P76 Wetland 37.15 03/13/01 8:00 03/17/01 2:30 90.50 13.34 9.03E-06 2.6E-02
37.15 03/17/01 2:30 03/18/01 5:30 27.00 4.45 2.08E-05 5.9E-02
P90
Watershed
6.03 03/04/01 4:30 03/06/01 3:15 46.75 8.50 2.48E-06 7.0E-03
6.03 03/06/01 3:15 03/07/01 8:15 29.00 6.25 3.59E-06 1.0E-02
P90 Wetland 28.89 03/29/01 5:30 04/02/01 10:30 28.00 4.13 1.51 E-05 4.3E-02
28.89 04/02/01 10:30 04/04/01 7:00 32.50 2.22 9.61 E-06 2.7E-02
Fetter M 995^
k = (d^Udc2t)ln(hyh)
k = hydraulic conductivity 
L = sample length
h = final head in 
falling tube 
t = time elapsed from 
ho to h
dt = inside diameter of falling head tube 
dc = inside diameter of sample chamber
to
8
Grain-Size Analyses P20 P45 P76 P90
sieve no. size (mm) mass (q) % by wt mass (g) % by wt mass (g) % by wt mass (g) % by wt
gravel 10 2 76.34 45.78 141.71 41.27 142.71 47.48 141.74 43.87
coarse sand 70 0.2 60.65 36.37 157.39 45.83 86.48 28.77 128.99 39.92
fine sand 100 0.006 6.09 3.65 16.75 4.88 7.49 2.49 1.32 0.41
silt Mastersizer 2000 <0.006 23.35 14.00 27.22 7.93 63.04 20.98 50.61 15.66
clay Mastersizer 2000 <2.0x10-3 0.31 0.19 0.32 0.09 0.84 0.28 0.43 0.13
Mastersizer 2000 Analyses
P20 P45 P76 P90
size (mm) % % % %
silt 0.006-2.0*10-3 98.69 98.85 98.69 99.16
clay <2.0x10-3 1.31 1.15 1.31 0.84
^10 (mm) 4.40E-03 4.93E-03 4.20E-03 4.55E-03
^50 (mm) 1.99E-02 3.31 E-02 2.10E-02 1.91 E-02
Falling-Head Tests-P20
W20-3D
Date Time Water Level kv Date Time Water Level kv
(ft) (ft/d) (ft.) (ft/d)
9/30/00 13:08 0 9/30/00 13:14 0
13:46 7.02 1.32E-04 13:14 15 3.25 9.03E-03
1:46 7.1 5.56E-05 13:14 35 4.56 1.56E-03
1:48 7.2 3.47E-05 13:15 05 4.88 2.05E-04
avg. ky = 7.4E-05 13:18 5.1 5.24E-05
14:17 5.23 1.53E-06
avg. k̂  = 2.2E-03
MW20-3
Date Time Water Level kv
(ft.) (ft/d)
9/30/00 13:37 0
13:37 10 1.96 8.17E-03
13:37 20 2.33 1.54E-03
13:40 2.45 3.13E-05
15:40 3.4 5.50E-06
avg, ky = 2.4E-03
tos








Time Water Level kv Date Time Water Level kv
(ft.) (ft/d) (ft.) (ft/d)
9:46 0 9/30/00 9:13 0
9:47 0.72 5.00E-04 9:14 0.44 3.06E-04
9:48 1.02 2.08E-04 9:15 1.29 5.90E-04
9:50 1.55 1.84E-04 9:16 2.3 7.01 E-04
9:55 2.02 6.53E-05 9:17 2 74 3.06E-04
10:10 2.77 3.47E-05 9:19 3.84 3.82E-04
10:44 3.1 6.74E-06 9:21 4.81 3.37E-04
16:27 4.02 3.92E-06 9:23 5.54 2.53E-04




Time Water Level kv 15:54 9.59 2.84E-06
















9/30/00 15:05 0.42 1.34E-07
avg. = 4.9E-06
MW76-1 1st time










16:42 4.86 2.51 E-05
avg. k̂  = 6.9E-04
WIW76-1 2nd Time











Time Water Levei kv
(sec.) (ft.) (ft/d)
0 0







avg. k̂  = 7.1E+00
















17:41 0.1041666 2.89E-06 
67




not able to pump dry during water sampling
MW76-3




17:07 0.2604166 8.61 E-06
67
17:28 0.265625 1.72E-07
17:49 0.3020833 1.21 E-06
33
15:24 0.48 9.54E-08




















avg. K = 4.7E-05
Falling-Head Tests-P90




K Date Time Water Level kv
(ft.) (ft/d) (ft.) (ft/d)
9/29/00 11:52
30
0 9/29/00 11:57 0
11:53 0.16666666 2.31 E-04 11:57 0.87 1.2 IE-03
7 30
11:54 0.79 4.33E-04 11:58 3.97 4.31 E-03
11:55 0.99 1.39E-04 11:59 4.62 4.51 E-04
11:56 1.51 3.61 E-04 12:00
45
5.15 2.10E-04
11:58 1.94 1 49E-04 12:00 5.47 2.96E-04
12:00 2.32 1.32E-04 12:06 5.51 4.63E-06
12:03 2.52 4.63E-05 avg. ky = 1.1 E-03
12:05 3.32 2.78E-04
12:07 3.49 5.90E-05 W90-1S 2nd Time
12:10 3.92 9.95E-05 Date Time Water Level ky
12:12 3.95 1.04E-05 (ft.) (ft/d)
12:14 4.08 4.51 E-05 9/29/00 12:07
45
0
12:16 4.1 6.94E-06 12:08 1.05 2.92E-03
12:18 4.32 6.11 E-05 12:09 2.49 1.00E-03
30
12:19 4.35 2.08E-05 12:10 4.16 1.16E-03
30
12:31 4.52 1.03E-05 12:11 4.38 1.53E-04






not able to fill to top due to disturbed structure towards surface 12:14 4.95 6.94E-05
SandDoint-ku DRY 12;15 5.02 4.86E-05






12:54 4.5 W90-1S 3rd Time
45
12:55 4.52 2.78E-05 Date Time Water Level ky
15
12:56 4.65 1.20E-04 (ft.) (ft/d)
12:57 4.69 2.78E-05 9/29/00 12:17 0
15
12:58 4.73 2.78E-05 12:18 1.49 1.38E-03
12:59 4.75 1.39E-05 12:19 2.8 9.10E-04
3:00 5.72 5.66E-06 12:20 3.54 5.14E-04
avg.k„= 3.7E-05 12:22 4.47 3.23E-04
avg. ky = 7.8E-04
1st DRY MW90-1 DRY
Time
Time Water kv Date Time Water Level kv
Level
(ft.) (ft/d) (ft.) (ft/d)
12:23 0 9/29/00 11:21 0
15
12:24 0.98 9.07E-04 11:21 0.72 1.50E-03
20
12:25 2.53 1.08E-03 11:21 1.23 8.50E-04
45
12:25 2.88 4.86E-04 11:22 1.74 6.07E-04
30 20
12:26 3.41 7.36E-Û4 11:22:0 2.12 6.33E-04
0 45
12:27 3.7 2.01 E-04 11:23 2.55 3.98E-04
30
12:28 4.28 2.69E-04 11:24 2.83 3.89E-04
30
12:29 4.33 6.94E-05 11:24 3.05 3.06E-04
30
12:30 4.58 1.16E-04 11:25 3.29 3.33E-04
30






13:34 5.18 9.72E-05 11:26 3.72 3.06E-04
avg. = 4.1 E-04 11:27 4.01 2.01 E-04
11:28 4.27 1.81 E-04
2nd DRY 11:30 4.69 1.46E-04
Time
Time Water kv 11:33 5.1 9.49E-05
Level
(ft.) (ft/d) 11:35 5.29 6.60E-05
12:35 0 11:40 5.56 3.75E-05
12:35 0.8 1.11E-03 11:45 5.63 9.72E-06
30
12:37 2.25 6.71 E-04 15:08 7.55 1.03E-06
12:38 2.68 2.99E-04 9/30/00 12:12 11.68 2.21 E-06
12:39 3.28 4.17E-04 avg. ky = 3.3E-04
12:40 3 58 2.08E-04
12:42 4.15 1.98E-04
12:43 4.45 2.08E-04








SEEPAGE METER FLUX AND MINI-PIEZOMETER GRADIENTS
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Water Level Water Level Vertical
No. Sediment (outside) (inside) Gradient
(in.) (in.) (in.) (+/-)
MP-20-1A 39.375 20.9375 20.4 -0.03
MP-20-B 41 15.125 23.4 0.44
MP-20-C 37 17.875 17.4 -0.02
MP-20-D 35.125 9.375 9 -0.02




Water Level Water Level Vertical
No. Sediment (outside) (inside) Gradient
(in.) (in.) (in.) (+/-)
MP-20-1A 39.375 24.1875 23.52 -0.03
MP-20-B 41 18.25 17.04 -0.06
MP-2Q-C 37 26.4375 25.8 -0.03
MP-20-D 35.125 12.375 12 -0.02




Water Level Water Level Vertical
No. Sediment (outside) (inside) Gradient
(in.) (in.) (in.) (+/-)
MP-20-1A 39.375 28.4375 15.96 -0.60
MP-20-Bs 41 22.6875 21.96 -0.04
MP-20-Bd 42.875 19.5 DRY no data
MP-20-Cs 37 25.25 25.08 -0.01
MP-20-Cd 29.75 11.1875 20.52 0.31
MP-20-D 35.125 16.875 16.32 -0.02
MP-20-E 39.6875 30.24 30.24 0.00








Water Level Water Level Vertical
No. Sediment (outside) (inside) Gradient
(in.) (in.) (in.) (+/-)
3/4 " P in 37.875 31.875 31.2 -0.02
lake
MP-45-1 49.5 37.625 37.44 -0.02
MP-45-1A 38.25 23.875 23.64 -0.01
MP-45-B 38.125 18.75 18 -0.03
MP-45-C 44.875 21.125 21.48 0.02
MP-45-D 44.375 35.625 36 0.02




Water Level Water Level Vertical
No. Sediment (outside) (inside) Gradient
(in.) (in.) (in.) (+/-)
3/4 " P in 37.875 34.625 33.12 -0.07
lake
MP-45-1 49.5 26.75 26.4 -0.03
MP-45-1 A 38.25 39.75 40.56 0.04
MP-45-B 38.125 21.625 21 -0.03
MP-45-C 44.875 24.5 24.6 0.01
MP-45-D 44.375 39.125 39.12 0.00






Water Level Water Level Vertical
No. Sediment (outside) (inside) Gradient
(in.) (in.) (in.) (+/-)
3/4 " P in 37.875 37.5 37.2 -0.01
lake
MP-45-1 49.5 29.9375 29.76 -0.02
MP-45-1A 38.25 43.625 43.2 -0.02
MP-45-B 38 125 24.625 23.4 -0.06
MP-45-C 44.875 27.5625 27.36 -0.01
MP-45-D 44.375 41.875 41.88 0.00
MP-45-E 38.75 25.875 25.32 -0.03




Piezometer Length Above Water Level Water Level Vertical
No. Sediment (outside) (inside) Gradient
(in.) (in.) (In.) (+/-)
MP-45-1 A 20.375 21.125 21.125 0
MP-45-B 21.375 18.875 18.24 -0.02
MP-45-C 31 13.5 22.8 0.32
MP-45-D 34 22.125 21.72 -0.02
MP-45-E 31 20.125 19.32 -0.03
MP^5-F 28.5 19 18.6 -0 01
7/15/99
Piezomet Length Water Level Water Level Vertical
er Above
No. Sediment (outside) (inside) Gradient
(in.) (in.) (in.) (+/-)
MP-45-1 A 20.375 23.25 22.68 -0.01
MP-45-B 21.375 21.75 20.28 -0.04
MP-45-C 31 25.6875 24.72 -0.03
MP-45-D 34 24.5 23.76 -0.03
MP-45-E 31 22.0625 21.36 -0.02
MP-45-F 28.5 21.125 20.52 -0.02
7/27/99
Piezometer Length Water Level Water Level Vertical
No.
Above
Sediment (outside) (inside) Gradient
(in.) (in.) (in.) (+/-)
MP-76-IAs 20.375 26.125 25.68 -0.01
MP-76-1Ad 22.25 10.5 10.68 0.00
MP-76-B 21.375 DRY DRY no data
MP-76-C 31 28.875 27.96 -0.03
MP-76-D 34 27.4375 26.64 -0.03
MP-76-Es 31 24.125 24 0.00
MP-76-Ed 15.5 6.4375 5.88 -0.01
MP-76-F 28.5 24.125 23.52 -0.02






Water Level Water Level Vertical
No. Sediment (outside) (inside) Gradient
(in.) (in.) (in.) (+/.)
MP-90-1A 37.875 16.0625 15.1875 -0.04
MP-90-B 37.375 25.125 37.44 0.56
MP-90-C 31.4375 8.3125 8.0625 -0.01
MP-90-D 35 15.9375 15 -0.04
MP-90-E 39 23.125 22.2 -0.04




Water Level Water Level Vertical
No. Sediment (outside) (inside) Gradient
(in.) (in.) (in.) (+/-)
MP-90-1A 37.875 21 16.8 0.19
MP-90-B 37.375 30.1875 32.16 -0.09
MP-90-C 31.4375 13.375 13.32 0.00
MP-90-D 35 21.125 17.76 0.13
MP-90-E 39 28.0625 27.84 0.01
MP-90-F
7/27/99
37.25 20.75 17.04 0.16
Piezometer Length
Above
Water Level Water Level Vertical
No. Sediment (outside) (inside) Gradient
(in.) (in.) (in.) (+/-)
MP-90-IAs 37.875 26.75 21.36 -0.24
MP-20-1Ad 15.9375 15.6 -0.01





19.25 18.72 -0.02 
no data
MP-20-Dd 33.5 22.5 23.16 0.02
MP-90-Es 39 33.875 32.52 -0.06
MP-90-Ed 25.5 19.9375 19.2 -0.02
MP-90-F 37.25 26.75 21.24 -0.24







Area (seepage 289 in :' 2.01 ft2
meter) -
hydraulic flux q' = Q/A
start Change in Change in Elapsed Discharge
Date Initial Time Initial End End End Volume Volume Time (Q)
Volume Time Volume
(min.) (ml) Date (min.) (ml) (ml) (ft') (hr.) (ft^/d)
6/28/99 9:25 0 7/6/99 14:38 15 15 5.30E-04 197.22 6.45E-05
7/6/99 14:49 400 7/7/99 10:59 470 70 2.47E-03 20.17 2.94E-03
7/7/99 11:01 0 7/15/99 13:40 180 180 6.36E-03 194.65 7.84E-04
7/15/99 13:49 500 7/16/99 13:06 395 -105 -3.71 E-03 23.28 -3.82E-03
7/16/99 13:11 500 no additional seepage meter data
6/28/99 9.35 0 7/6/99 14:52 40 40 1.4 IE -03 197.28 1.72E-04
7/6/99 14:56 400 7/7/99 11:07 390 -10 -3.53E-04 20.18 -4.20E-04
7/7/99 11:10 0 7/15/99 14:07 1010 1010 3.57E-02 194.95 4.39E-03
7/15/99 14:19 100 7/16/99 13:12 105 5 1.77E-04 22.88 1.85E-04
7/16/99 13:16 100 no additional seepage meter data
6/28/99 9:45 0 7/6/99 14:58 0 0 O.OOE+00 197.22 O.OOE+00
7/6/99 15:51 400 7/7/99 11:16 395 -5 -1.77E-04 19.42 -2.18E-04
7/7/99 11:20 400 7/15/99 13:58 782 382 1.35E-02 194.63 1.66E-03
7/15/99 14:02 100 7/16/99 13:18 313 213 7.52E-03 23.27 7.76E-03
7/16/99 13:23 100 no additional seepage meter data
Hydraulic Gradient of




































Seepage meter data 1999 Field Season
Diameter (seepage 19.1875
meter) =
Area (seepage meter) 289 in
hydraulic flux q' = Q/A
Start Chanqe In Change In Elapsed Discharge Hydraulic Gradient of Hydraulic
Conductivity
P45 Date Initial Time initial End End End Volum e Volume Volume Time (Q) Flux Corresponding ky
Volume Time MP
(min.) (ml) Date (min.) (ml) (ml) (fl3) (hr.) (ft3/d) (ft3/day/ft2) (ft/d)
SM45-1 6/28/99 11:14 0 7/7/99 15:15 10 10 3.53E-04 220.02 3.85E-05 1 92E-05 0.02 9.6E-04
7/7/99 15:18 0 7/15/99 10:15 24 24 8.48E-04 188.95 1.08E-04 5.36E-05 0.03 1.8E-03
7/15/99 10:21 500 7/16/99 15:20 415 -85 -3.00E-03 28.98 -2.49E-03 -1.24E-03 -0.02 6.2E-02
7/16/99 15:25 500 no additional seepage meter data
SM45-2 6/28/99 12:30 0 7/7/99 15:28 155 155 5.47E-03 218.97 6.00E-04 2.99E-04 0.02 1.5E-02
7/7/99 15:30 0 7/15/99 10:30 250 250 8.83E-03 187.00 1.13E-03 5.64E-04 0.01 5.6E-02
7/15/99 10:33 250 7/16/99 15:31 160 -90 -3.18E-03 28.97 -2.63E-03 -1.31 E-03 -0.03 4.4E-02
7/16/99 15:36 500 no additional seepage meter data
SM45-3 6/28/99 12:15 0 7/7/99 15:31 250 250 8.83E-03 219.27 9.66E-04 4.81 E-04 0.02 2.4E-02
7/7/99 15:54 0 7/15/99 10:23 152 152 5.37E-03 186.48 6.91 E-04 3.44E-04 0.01 3.4E-02
7/15/99 10:27 250 7/16/99 15:46 160 -90 -3.18E-03 29.32 -2.60E-03 -1.30E-03 -0.03 4.3E-02
7/16/99 15:49 500 no additional seepage meter data
NJ
LA
Seepage meter data 1999 Field Season
Diameter (seepage 
meter) =
Area (seepage meter) =
19.1875
289 in
hydraulic flux q' = Q/A
Start Change in Change In Elapsed Discharge Hydraulic Gradient of Hydraulic
Conductivity
P76 Date Initial Initial End End Time End Volume Volume Time (Q) Flux Corresponding ky
Time Volume Volume MP
(min.) (ml) Date (min.) (ml) (ml) (ft3) (hr.) (ft3/d) (ft3/day/ft2) (ft/d)
SM76-1 6/28/99 14:50 0 7/6/99 18:50 150 150 5.306-03 196.00 6.496-04 3.236-04 0.01 3.26-02
7/6/99 18:53 0 7/7/99 13:12 65 65 2.306-03 18.32 3.016-03 1.506-03 0.01 1.56-01
7/7/99 13:15 0 7/15/99 15:33 90 90 3.186-03 194.22 3.936-04 1.966-04 0.01 1.96-02
7/15/99 15:37 100 7/16/99 floated to surface-no data
SM76-2 6/28/99 14:30 0 7/6/99 19:03 240 240 8.486-03 196.55 1.036-03 5.156-04 0.03 1.76-02
7/6/99 19:06 0 7/7/99 13:32 213 213 7.526-03 17.43 1.046-02 5.166-03 0.02 2.66-01
























































































Discharge Hydraulic Gradient o f Hydraulic
Conductivity 




12.97 6.54E-03 3.26E-03 0.06
(ft/d)
120 4.24E-03 21.08 4.82E-03 2.40E-03 0.04 6.0E-02
150 5.30E-03 193.83 6.56E-04 3.27E-04 0.19 1.7E-03
65 2.30E-03 12.43 4.43E-03 2.21 E-03 0.24 9.2E-03
550 1.94E-02 187.47 2.49E-03 1.24E-03
170 6.00E-03 21.02 6.86E-03 3.41 E-03 0.04 8.5E-02
315 1.11E-02 194.02 1.38E-03 6.85E-04 0.13 5.3E-03
320 1.13E-02 12.63 2.15E-02 1.07E-02 0.06 1 8E-01
70 2.47E-03 187.63 3.16E-04 1.57E-04
147 5.19E-03 20.10 6.20E-03 3.09E-03 0.04 7.7E-02
345 122E-02 193.78 1.51E-03 7.51 E-04 0.01 7.5E-02
5.4E-02
no additional seepage meter data
K)
Seepage Meter Data 2000 Field Season
Diameter (seepage 11.25 in in2 = 0.69 ft2 0  = Akv(h/I)
meter) =
tiydraulic flux q' = Q/A Area (seepage meter) 99 in2
Change in Change Elaosed Discharg Hydraulic Gradient of Hydraulic
m e Conductivity
Seeoaoe Start Initial Time Initial End End Time End Volume Volume Time (Q) Flux Correspond! kv
Meter Volum e Volume ng MP
Date (ml) Date (ml) (ml) (A3) (hr.) (A3/d) (ft3/day/ft2) (ft/d)
SM-1 10-Jul 12:40 100 17-Jul 12:33 265 165 5.83E-03 191.88 3.64E-04 5.30E-04 0.01 4.9E-02
SM-2 10-Jul 12:38 100 17-Jul 13:34 204 104 3.67E-03 192.93 2.28E-04 3.32E-04 0.01 3.1E-02
SM-3 10-Jul 12:36 100 17-Jul 13:28 294 194 6.85E-03 192.87 4.26E-04 6.20E-04 0.01 5.8E-02
SM-4 10-Jul 12:30 100 17-Jul 13:20 220 120 4.24E-03 192.83 2.64E-04 3.84E-04 0.20 1.9E-03
SM-5 10-Jul 12:14 100 17-Jul 13:15 206 106 3.74E-03 193.02 2.33E-04 3.39E-04 0.20 1.7E-03
SM-6 10-Jul 12:34 100 17-Jul 13:12 277 177 6.25E-03 192.63 3.89E-04 5.66E-04 0.20 2.8E-03
SM-7 10-Jul 12:00 100 17-Jul 12:55 155 55 1.94E-03 192.92 1.21 E-04 1.76E-04 0.23 7.7E-04
SM-8 10-Jul 12:05 100 17-Jul 13:06 191 91 3.21 E-03 193.02 2.00E-04 2.91 E-04 w.l. still no gradient
recovering
SM-9 10-Jul 12:50 100 17-Jul 14:12 89 -11 -3.88E-04 193.37 -2.41 E- -3.51 E-05 0.02 -2.1 E-03
SM-10 10-Jul 13:05 100 17-Jul 12:03 100 0 193.03
05
0.01
SM-11 10-Jul 13:10 100 17-Jul 13:59 514 414 1.46E-02 192.82 9.10E-04 1.32E-03 0.01 1.3E-01
SM-12 10-Jul 13:28 100 17-Jul 13:40 238 138 4.87E-03 192.20 3.04E-04 4.43E-04 0.24 1.8E-03
SM-13 10-Jul 13:30 100 17-Jul 13:45 582 482 1.70E-02 192.25 1 06E-03 1 55E-03 0.24 6.4E-03
SM-14 10-Jul 13:32 100 17-Jul 13:51 180 80 2.83E-03 192.32 1.76E-04 2.56E-04 0.09 2.8E-03
SM 9&10had bags that did not allow water to exchange avg. flux 5.21 E-04
Change in Change Elaosed Discharq Hydraulic Gradient of Hydraulic
m @ Conductivity




















































































































































































SM-13 17-Jul 13:49 100 1-Aug 11:11 90 -10 -0.61 333.37 -4.39E- -6.39E-02 0.42 -1.5E-01
02





WRNSHYD MODEL OUTPUT PARAMETERS AND RESULTS
2 2 0
2 2 1
WRNSHYD Model Input Parameters and Results for P20 Wetland
Watershed Name: P20
Units of measurement: English
Hydrologie Region: Continental/Maritime (6)
Area (ac ): 1 Aspect: East/West
Precip (in )...
Jan: 3.3 Feb: 2.3 Mar: 2.1 Apr: 1.8
May: 2.3 Jun: 2.4 Jul: 1.3 Aug: 1.4




WindSpeed(mi/h ): 0.0 DaysNoSnow: 0
Tree Type: Spruce-Fir Height(ft ): 0.0
Snow Scouring: N
Unimpacted Impacted
Max Basal Area(ft^/ac): 200 200
Basal Area(ftVac): 150 150
Total Area Clearcut(ac ): 0 1
Basal Area in Cuts(ft%c): 150 0
Roughness of Cut(ft ): 0.3 0.3
Width of Cut Block(ft ): 0.0 208.7
Area of Cut Block(ac ): 0 1
Annual Watershed Results
Unimpacted Impacted 
Watershed Totals (Area = 1.0):
Precipitation (in ): 26.8 26.8
Evapotranspiration(in ): 14.6 12.6
Water Yield (in ): 12.2 14.2
2 2 2
WRNSHYD Model Input Parameters and Results P45 Wetland
Watershed Name: P45
Units of measurement: English
Hydrologie Region: Continental/Maritime (6)
Area (ac ): 6 Aspect: East/West
Precip (in )..
Jan: 3.3 Feb: 2.3 Mar: 2.1 Apr: 1.8
May: 2.3 Jun: 2.4 Jul: 1.3 Aug: 1.4










Max Basal Area(ftVac): 200 200
Basal Area(ft^ac): 150 150
Total Area Clearcut(ac ): 0 6
Basal Area in Cuts(ft=/ac): 150 0
Roughness of Cut(ft ): 0.3 0.3
Width of Cut Block(ft ): 0.0 08.7
Area of Cut Block(ac ): 0 6
Annual Watershed Results
Watershed Totals (Area = 5.8):
Precipitation (in ): 
Evapotranspiration(in ): 
Water Yield (in ):
Unimpacted Impacted
26.8
14.6
12.2
26.8
12.6
14.2
